N76-29892 


(NASR-CF-149957) DEFINITION OF PEEFOSrlANCS 
SPECIFICATIONS FO^ AUTOMATED ANALYTICAL 
FLBCTPOPHOSSSI3 FACILITY (AAEF) Final 
Feport, 7 Apr. ''97S - *.9 Feb. 197f (Cr<?joii Unclas 

Univ.) 137 p HC 16.. CSCL C 6B G3/51 4839. 


FIR*L REPORT 


on 

DEFINITION OF PERFORMANCE SPECIFICATKWS F(»I AUTOMATED 
ANALYTICAL ELECTROPHORESIS FACILITY (AAEF) 


April 7. 1975 to February 29, 1976 
Contract No. NAS8-31386 
by D.E. Brooks 


Prepared for: 

National Aeronautics and Space Administration 
George C. Marshall Space Flight Center 
Marshall Space Flight Center, Alabama 35812 


By: 

Department of Neurology 
University of Oregon Health Sciences Center 
3181 S.H. Sam Jackson Park Road 
Portland, Oregon 97201 



FINAL REPORT 


on 

DEFINITION OF PERFORMANCE SPECIFICATIONS FOR AUTOMATED 
ANALYTICAL ELECTROPHORESIS FACILITY (AAEF) 


April 7, 1975 to February 29, 1976 
Contract No. NAS8-*31386 
by D.E. Brooks 


Prepared for: 

National Aeronautics and Space Administration 
George C. Marshall Space Flight Center 
Marshall Space Flight Center, Alabama 35812 


By: 

Department of Neurology 
University of Oregon Health Sciences Center 
3J81 S.W. Sam Jackson Park Road 
Portland, Oregon 97201 



1 


TABLE OF CONTENTS 


Paragraph Page 

1 SUMMARY 1 

1.1 Background 1 

1.2 Objectives 3 

1.3 Approach 4 

1.4 Results 6 

1.4.1 Performance Specifications for the AAEF 6 

1.4.2 Recommended Technique for Developing AAEF .... 8 

1.4.3 Priority Rating of Specifications 10 

1.4.4 Coxranents on User Community Survey 12 

? DETAILED TECHNICAL SECTION 16 

2.1 Performance Specifications for the AAEF 16 

2.1.1 Sample Size and Rapidity of Measurement 16 

/1. 1.2 Cell Size Requirements 19 

2.1.3 Mobility Accuracy and Range 19 

2.1.4 Specific Conductivity, Temperature and pH Range . 20 

2.1.5 Chamber and Electrode Material 21 

2.1.6 Applied Field Specification 22 

2. 1.6.1 Theoretical Investigation of Relaxation Effects . 23 

2. 1.6.2 Experimental Invesitgation ^f AC Electroosmosis . 32 

2. 1.6. 3 Implications for AAEF 36 

2.1.7 Non-electrophoretic Characteristic Recognition . 36 

2.1.8 Data Analysis Software 37 

2.2 Recommended Automation Technique 38 

2.2.1 Laser Doppler Spectroscopy . 39 

2.2.2 Pen Kem Automation Technique 43 

2.2.3 Particle Field Holography 45 

2.2.4 Computer Analysis of Video Images of an 

Electrophoresis Field 47 

3 PRIORITY RATING OF SPECIFICATIONS 49 

4 REFERENCES 53 

APPENDIX 1 54 


ii 



LIST OF TABLES 


Table 

2 . 1 . 1.1 


I 


Data on Timing Characteristics, Number of 

Cells in Focus and Visibility for Fixed 

Human Red Cells and Human Peripheral 

L]rmphocytes 17 


iil 


LIST OF FIGURES 


I 



1 

I 


b 

iJ 


1 * 


R 


Figure 

2.1.6.1.1 


Amplitude Pxofile of Flow Velocity in a 
Closed Cylindrical Chamber Induced by 
Electroosmosis In Alternating Electric 
Fields of the Frequencies Indicated . . 


Page 


26 


2. 1.6.1. 2 Amplitude Profile of Flow Velocity in an 
Open Cylindrical Chamber Induced by 
Electroosmosis in Alternating Electric 
Fields of the Frequencies Indicated . . . 


27 


2. 1.6. 1.3 Relative Width of Core Region Over Which 
Flow Velocity Amplitude is Independent 
of Position in a Closed Cylindrical 
Chamber of radius O.lcm 


29 


n 


2. 1.6. 2.1 Comparison of Theory with Experimental 

Values of Particle Displacement Amplitudes 
as a Function of Radial Position at the 
Frequencies Indicated 


35 


i- 


i = 



! ' 

) 

1. 


r : 

\ 

J 
f ^ 


ti 


iv 



1 


SUMMARY 


l.I Background 

As part of its Space Processing Program, NASA has expended consid- 
erable effort in developing preparative cell electrophoresis in 
zero g. It is to be used as a method of separating biological 
cells into subpopulations, the subsequent recovery of which will 
have significant benefit in biomedical applications. As the 
preparative electrophoresis program gained momentum and flight 
hardware came closer to being made available to a broadly-based 
medical and biological user community the need became apparent for 
an accurate and rapid method of assessing the possibility of 
separating c 2 uidldate subpopulations on the basis of their electro- 
kinetic properties. It was clear that accurate analytical data on 
the electrophoretic mobility distribution of a sample had to be 
available before a decision as to the feasibility of a separation 
could be made. Such data would be vital as well for determining 
which mode of preparative electrophoresis should be applied to a 
particular problem, and under what operating conditions. 

At the time this contract was let the standard method for obtain- 
ing analytical electrophoretic data on cell populations was 
through the use of the microelectrophoresis method (1). The 
technique consists of visually observing the motion of individual 
cells through a microscope focussed at the stationary layer of the 
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sample chamber and timing their motion across a calibrated eye- 
piece graticule with a hand-actuated stopwatch. Knowing the 
interval over which each cell migrates in the measured time the 
cell velocity, and hence electrophoretic mobility (velocity per 
unit electric field strength applied) can be calculated* Indivi- 
dual cell mobilities are then accumulated from the same sample 
population and the data displayed as a histogram of cell number as 
a function of mobility. 

The microelectrophoresis method suffers from three principle 
disadvantages as current employed: 

• It is slow; under the best of conditions only 20 to 30 
measurements can be made before the sample miipt be 
replaced and either the original sampled re-measured - 
with danger of subsequent cell damage due to multiple 
pipetting - or a new sample must be introduced, 
necessitating large numbers of cells beitig made avail- 
able. Each filling takes 15 minutes, so only 80 to 
120 points can be accumulated per hour, and this rate 
is seldom realized in practice for a variety of 
technical reasons. 

• It is of limited accuracy. Timing displacements by eye 
introduces errors due to human reflexes, judgement of 
sharpness of focus and sometimes bias in cell selection 
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that limit reproducibility to approximately ± 3%. 


• It is extremely wearing on those making the measure- 
ments. Eye strain is frequently severe and virtually 
nobody can work at the rate given above for a full day. 

In a program of the magnitude and length of that being considered 
by NASA it seemed clear that a large number of analytical determi- 
nations on complex cell populations would be required and that 
manual mobility distribution determinations would therefore not be 
suitable. Furthermore, it seemed that with state-of-the-art 
technology it was feasible to automate analytical electrophoresis 
by any of several techniques in such a way as to alleviate all of 
the problems associated with the manual technique. In order to 
determine just what operating specifications should be required 
of the automatic apparatus, and to determine what technical 
approach might best be followed to meet such specifications the 
present contract was awarded. 

1.2 Obiectives 

The present project has the following aims: 

• To provide performance specifications for an Automated 
Analytical Electrophoresis Facility (AAEF) ; 


To Identify which of the currently recognized techniques 





for automating analytical electrophoresis may best be 
expected to satisfy these specifications; 

• To provide a priority rating for the performance 
specifications. 

1»3 Approach 

In order to provide specifications for the AAEF that would satisfy 
the broadest variety of demands of a future user connunlty, a 
survey was carried out of all those people who were identified as 
having published papers on cell electrophoresis in the past four 
years. These researchers were identified from surveys carried out 
to our specifications by the Institute for Scientific Information, 
Philadelphia. The Institute carried out a computer search of the 
relevant literature from which a list of 87 investigators was 
derived and defined as the user community for purposes of the 
mailing* A questionnaire was developed covering the areas of 
performance which required definition which was subsequently 
circulated to the user community. A copy of the questionnaire 
and the list of scientists to whom it was mailed is included as 
Appendix 1 to this report. Based on the response to this survey 
and on the personal experience of the FI as well as that of others 
in the Department of Neurology at the University of Oregon Health 
Sciences Center, the performance specifications given below were 
assembled. 
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The recoDDendatlon regarding which technique was felt to be most 
appropriate for the AAEF was based on an examination of the possible 
approaches to the problem, and on discussions with a series of 
experts In areas with possible application to the AAEF. The 
approaches, and the experts consulted, were as follows: 


Technique 

Laser doppler spectroscopy 
Laser doppler spectroscopy 


Optical transduction of Image 
of moving particle field 


Computer analysis of video 
image of moving particles 


Particle field holography 


Investigator 

Dr. B.R. Ware 
Department of Chemistry 
Harvard University 
Cambridge, Mass. 02138 

Dr. E.E. Uzglrls 
General Electric Research 
and Development Center 
Schenectady, N.Y. 12301 

Mr. Phil Goetz 

Pen Kern Company 

P.O. Box 364 

211 Cleveland Dr. 

Croton-on-Hudson, N.Y, 10520 

Dr. Peter H. Bartels 
Optical Sciences Center 
University of Arizona 
Tucson, Arizona 85721 

Dr. J.L. Trolinger 
Spectron Development 
Laboratory 
3303 Harbor Blvd. 

Costa Mesa, Ca. 92626 


As discussed in the Detailed Technical Section, there were good 
reasons for eliminating all but one of the above methods, result- 
ing in the recommendation made below. 




The priority rating for the performance specifications were derived, 
like the specifications themselves, from a consideration both of 
the user community survey results and of the FI's personal exper- 
ience. In fact, it turns out that the reconssended approach to 
implementing the AAEF is anticipated to be capable of satisfying 
virtually all of the performance specifications, and should pro- 
vide additional capabilities as well so the priority rating will 
probably be of little utility. 

1.4 Results 

1.4.1 Performance Specifications for the AAEF 

It is felt the AAEF should be capable of performing to the 

following specifications: 

• The mobilities of approximately 500 cells should be obtained 
in 10 minutes from a sample of 10^ cells or less. Separate 
mobility distributions should be able to be collected at a 
rate of 4 per hour. 

e Excluding problems associated with cell sedimentation the 
AAEF should be capable of collecting mobility data on non- 
pigmented ce'ls in the size range of 0.5 to 100 microns in 
diameter. 

e Each individual mobility determination should be accurate 
to ± 0.3% over a mobility range of 0.2 x 10"^ cm^ s“^ v~^ 
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to 8.0 X 10“^ cm^ 8~^ v“^. 

• The AAEF must be capable of operating with suspending media 
of specific conductivity <0.021 0“^ cm“^ over a temperature 
range of 4°C to 3V‘C and over a pH range of 2 to 11. 

• The chamber and electrodes should be compatible with normal 
biological support media (containing proteins, carbohydrates, 
multivalent ions, etc.) In their operating configuration. 
Measurement conditions and chamber materials should be such 
that cells undergoing measurement retain the same viability 
and surface properties as an appropriate control suspension 
not exposed to the Instrument. 

a The applied electric field may be either DC, or AC to take 
advantage of the suppression of electroosmotlc flow In the 
electrophoresis chamber, provided the applied field fre- 
quency Is less than approximately 1.0 kHz. 

• The AAEF should Incorporate the capability to recognize and 
record other Individual cell parameters besides electro- 
phoretic mobility, as seem appropriate for the population 
under examination. In particular, the ability to dlstln- 
qulsh between cells with and without a fluorescent label 
should be Included In the AAEF. 
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• As well as providing hard copies of electrophoretic mobility 
distributions, the AAEF should Include the capability for 
detailed statistical analysis of the mobll-'ty data. These 
programs should provide: 

• descriptive statistics for the data. 

e assessment of the unlmodallty of the mobility 
distribution via the computation of distribution- 
free statistics for goodness of fit to known 
mobility distributions obtained from calibration 
populations. 

s special locally most pc. erful test statistics to 
detect very small subpopulations of known mean and 
standard deviation, with errors of the first and 
Sbcond kind controlled to within preset limits. 

1.4.2 Recommended Technique for Developing AAEF 
It Is recommended that the AAEF be based on computer analysis of a 
video Image produced by a television camera linked to Che micro- 
scopic of a microelectrophoresis apparatus. The principle of this 
approach Is described In detail in an unsolicited contract proposal 
from the Optical Sciences Center of the University of Arizona to 
Marshall Space Flight Center dated April 22, 1975. The approach 
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described in that submission should In general be followed except 
that: 

• The electrophoresis chamber must be very well thermo- 
statted to allow the potential accuracy of the technique 
to be realized. This will probably necessitate a 
change In the optics since the long working distance 
phase contrast objective originally suggested will no 
longer be appropriate. 

• An alternating electric field should be used to drive 
electrophoretic migration since in this way a much 
greater depth of field may be utilized in the optics. 

As discussed in Section 2.1.6 use of alternating fields 
at frequencies ^ 100 Hz suppresses electroosmotlc flow 
over greater than 50% of the chamber cross-section 
resulting in a constant, near- zero flow velocity. If 
mobilities are determined anywhere in this region their 
values will be independent of position and their absolute 
values easily obtained. Provision should also be made 
for stepping the focal plane through a series of posi- 
tions so that speed of measurement will not be limited 

by the time necessary for sedimentation of a new cell 
population into the microscopic field. 
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1,4.3 Priority Rating of Specifications 

If It is necessary to compromise on any of the performance specifi- 
cations the following list should be used as a guide in the choice 
of trade-offs or capability limitations. The characteristics 
required of the AAEF, in decreasing order of importance » may be 
grouped as follows; characteristics within a given group are 
considered to be of roughly equal importance. 

Group I 

• Determine individual mobilities of 'V' 500 cells of 
diameter 2 to 25 microns within 3o minutes from a 
sample of 10^ cells or less. 

• Determine individual mobilities to an accuracy of 

-4 

± 1.0% over a mobility range of 0.5 x 10 to 
3.0 X 10“^ cm^ s”^ v“^. 

• Operate at 25°C with suspending media of specific 
conductivity < 0.02 cm“^ over a pH range of 
6.5 to 7,5. 

• Use applied electric fields of frequency < 1000 Hz. 

e Chamber and electrodes must be compatible with normal 
biological support media (containing proteins, carbo- 
hydrates, multivalent ions, etc.) in their operating 
configuration. Measurement conditions and chand>er 


• f 
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materials shall be such that cells undergoing measure- 
ment retain the same viability and surface properties 
as an appropriate control suspension not exposed to 
the Instrument. 

• Provide hard copy of mobility distribution plus mean 
and standard deviation of total population. 

Group II 

• Determine individual mobilities of 500 cells within 
10 minutes at a rate of four total determinations per 
hour. 

• Provide a statistical assessment of the unimodaliCy 
of the mobility distribution via the computation of 
distribution-free statistics for goodness of fit to 
known mobility distributions obtained from calibra- 
tion populations. 

Group III 

• Determine mobilities on a total sample size, of 10^ 
cells. 

• Excluding problems of sedimentation the apparatus 
should be capable of collecting mobility data on cells 
in the size range 0.5 to 100 microns in diameter. 
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• Determine individual mobilities to an accuracy of 
± 0.3Z over a mobility range of 0.5 x 10“^ to 
3.0 X 10”^ cm^ v~^. 

• Operate over a temperature range of 4*C to 37 and a 
pH range of 2 to 11. 

• Incorporate the capability of recognizing and record- 
ing ocher individual cell parameters besides electro- 
phoretic mobility, as seems appropriate for the popu- 
lation under examination. In particular, provide the 
ability to distinguish between cells with and without 
a fluorescent label. 


1 . A . 4 Comments on User Community Survey 

Of the 87 surveys mailed out to the electrophoresis user community 
31 replies were received, many from well known investigators in 
the electrophoresis field. The vast majority of respondents 
commented favorably on the concept of the AAEF (see Appendix 1) 
and many asked to be kept aware of its development. A number of 
different uses for the apparatus were suggested, many of which 
were clinical in nature. These Included: 

Medical research uses; suggests Chris J. van Boxtel, M.D. 

connecting AAEF to an automatic Visiting Scientist 

cell-separation device Department of Pharmacology 

Vanderbilt University 
School of Medicine 
Nashville, Tennessee 
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Lympho yte electrophoresis 


Study large monocytes, 
trophoblasts in zero g 


Work with cells from immuno- 
leficient babies, spleen cells 
and lymphoid cells 

Analysis of different 'ractions 
of platelets obtained by other 
me ms, separated according to 
mobility, and in fairly small 
amounts (y 100 platelets/ 
fr ction) 

Stuiy of the mobility of cells as 
furictious of ionic strength at a 
given pH to gal' imderstandlng of 
confoc.natlonal change of the 
biopolymers at Interfaces; 
microelectrophoretic study of 
adsorbed proteins and nucleic 
acids for genetic features of 
the adsorbed biopolymers 

AAEF would be use*^>'i in study- 
ing subceLlular particles, as 
well as in dev loping an early 
detection oi membrane systems 
alteratl^as which could 
posslbl;, act as pathogenetic 
facte iS 

r.j.ectrop loretic fractionation 
of aseptic cells ror subse- 
quent cell culture to detect 
colony forming ability 


Dr. Chollet 
Centre Jean Perrin 
place Henri Dunant 
B.P. 392 

63011 Clermont Ferrand Cedex 
France 

Dr. S.N.S. Hanjan 
Dept, of Biochemistry 
All India Institute of 
Medical Sciences 
New Delhi - 16, India 

Dr. Johan N. Willlg 
5016 Haukeland Hospital 
Norway 

Dr. Donna J. Carty 
Dept, of Biochemistry 
Jordan MEB 
Univ. of Virginia 
Charlottesville, Va. 22901 


Dr. D.K. Chattoraj 
Dept, of Food Technology and 
Blo-chemlcal Engineering 
Jadavpur University 
Calcutta - 700032, India 


Dr. Gabriela Dinescu-Romalu 
Instltutue Oncologle 
Dept. Immunology and 
Biochemistry of Cancer 
B-dul 1 Mai Nr. 11 
POB 5916 

Bucuresti 12, Romania 

Dr. Chlkako Sato 

Dept, of Experimental Radiology 

Alchl Cancer Center Res. Inst. 

Chikusa-ku 

Nagoya, Japan 
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Electroklnetlc characterization 
of lymphocyte si’bpopulations; 
documentation of electrophoretic 
behavior of blood platelets on 
exposure to a variety of pharma- 
ceutical agents; kinetic studies 
of cellular growth rates, cell 
cycle changes and regeneration 
of modified cell surfaces of 
cultured or isolated biological 
cells by electrophoretic means 

Use of AAEF in developing an 
accurate test for malignant 
disease 


Use of AAEF in platelet studies 


Use of a high precision instru- 
ment in determination of E.M. 
in the area of cell membrane 
iramunogenetics and immuno- 
chemistry and many other 
studies 

Detection of small electro- 
phoretic subpopulations 

Use of AAEF in cancer diagnosis 
emphasized by the MEM test 
(BMJ 2, 613 (1971) 


Use of AAEF in detecting cancer 
in connection with the MEM test 


Dr. G.V.F. Seaman 
Dept, of Neurology 
Unlv. of Oregon Health 
Sciences Center 
Portland, Ore. 97201 


Dr. Alan W. Preece 
Principal Physicist 
Radiotherapy Centre 
Horfleld Road 
Bristol, BS28ED, U.K. 

Dr. J.R. Hampton 
Dept, of Medicine 
General Hospital 
Nottingham, England 

Dr. P. Rubinstein 
New York Blood Center 
310 E. 67th St. 

New York, N.Y. 10021 


Dr. Paul Todd 

618 Life Sciences Bldg. 

University Park, Pa. 16802 

Dr. Alan S. Coates 
Walter and Eliza Hau Instit. 
c/o P.O. Royal Melbourne 
Hospital 

Victoria 3050, Australia 

Dr. John Moore 
Velendre Hospital 
Whitchurch 
Cardiff, U.K. 


14 



Measurement of mobilities of 
micelles of surface active 
agents, overcoming difficulty 
in observation due to refrac- 
tive index close to that of 
water 

Use of AAEF in study of endo- 
thelial cells, blood platelets, 
erythrocytes and kidney cells 


Use of AAEF with mixed popula- 
tions of cells and cells used 
for cell culture 


Study of platelets, especially 
in presence of ADP or nor- 
adrenaline and other new 
compounds 


Dr. J.B. Kayes 
Pharmaceutics Res. Group 
Pharmacy Dept. 

Unlv. of Aston 
Bosta Green 

Birmingham B4 7ET, U.K. 

Dr. Reginald G. Mason 
Dept, of Pathology 
The Memorial Hospital 
Pawtucket, R.l. 02860 

Dr. Richard M. Fike 
Dr. Carel J. Van Oss 
Dept, of Microbiology 
School of Medicine 
State Univ. of New York 
Buffalo, N.Y. 14214 

Mr . E . G . Tomlch 
Glaxo Research Ltd. 
Sefton Park 
Stoke Poges 

Buckinghamshire SL2 4DZ 
England 


It would seem that the above investigators might usefully be 
contacted when the scientific community is invited to participate 
in the more advanced NASA electrophoresis flight opportunities. 




2 DETAILED TECHNICAL SECTION 

Performance Specifications for the AAEF 

The specifications given in Section 1.4.1 are discussed in detail 
below with the rationale for each. 

2.1.1 Sample Size and Rapidity of Measurement 

The mobilities of approximately 500 cells should he obtained in 
10 minutes from a sample of 10^ cells or less. Separate mobility 
distributions should be able to he collected at a rate of 4 per 
hour. 

Tliese requirements satisfied the majority of the survey respon- 
dents. At least five hundred data points are generally required 
if curve-fitting is to be carried out statistically via computer 
(2), although 1,000 would be preferable. Also, it has been our 
experience that several hundred points are necessary to provide 
a reliable histogram even at low resolution for some cell popula- 
tions, such as peripheral lymphocytes. 

Some typical data on the number of timings possible using a 
cylindrical chamber microelectrophoresis apparatus are given in 
Table 2. 1.1.1 for formaldehyde (CH 2 O) fixed erythrocytes and 
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fixed htiman red cells and human peripheral lymphocytes 





human peripheral lymphocytes In 0.154 M NaCl buffered to pH 7.4 
with NaHCOj. 

It takes approximately 10 minutes for one sample to sediment out 
of the field of view. On the average approximately 5-6 cells are 
in focus at any one time at cell concentrations (6 x 10^ to 
2 X 10^ cells/ml) for which the optical quality is high but at 
which enough cells are present to allow a measurement to be made. 

If a velocity measurement were to be made every time a t.v. line 

was scanned the measurement rate would be 'V' 15 kHz. In iO min ■■ 

600 s about 100 fields would have to be scanned to measure 500 
mobilities, and if 1 s is allowed for transfer from field to 
field via a stepping motor, then - 1) ■ 5 s would be the 

measurement time per optical field. In this time 5 x 1.5 x 10^ ■ 

7.5 X 10^ velocity estimates per cell would be made. Even if at 
this time resolution electrophoretic migration proceeds with a 

stochastic component the accuracy of the measurement would Increase 
1/2 

as N ' for N estimates. Hence, the relative accuracy of the 
determination would be ■ (7.5 x 10^) = 3 x 10~^. 

From this calculation it would seem feasible to Increase the sample 
size to 1000 cells without much loss in accuracy, but much depends 
on how long is required to change optical fields. The given 
figures seem a good compromise, therefore. 
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The presently used small volxime chambers contain 'v 1 ml of sus- 
pension, and the table shows that at least 6 x 10^ cells would be 
required to provide a sufficient cell density for measurement. 

It is possible, however, to Inject the cell suspension via catheter 
tubing only In the region of the optical field and reduce the 
number of cells required by two orders of magnitude. Hence, it 
would appear feasible to achieve the sample size specification of 
10^ cells. Allowing 5 minutes for chamber rinsing and sample 
replacement the Indicated rate of A samples/hr should be achieved. 

2.1.2 Cell Size Requirements 

Excluding problems associated with, cell sedimentation the AAEP 
should be capable of collecting mobility data on non-pigmented 
cells in the size range of 0.5 to lOO microns in diameter. 

This size range easily covers all conceivable mammalian cells 
which might be of interest. Two respondents to the survey 
specified the upper limit, but many cells of clinical interest 
would fall in the range 2 to 25 microns diameter. 

2.1.3 Mobility Accuracy and Range 

Each individual mobility determination should be accurate to ± 0.3% 
over a mobility range of 0.2 x 10~^ to 8.0 x 10~^ cm? s~^ 
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The considerations discussed In Section 2.1.1 partially defined 
the ± 0.3% accuracy specification as being the best that could be 
expected for the number of cells specified. Since nothing is 
known about cell subpopulation distributions at this level of 
resolution, probably the more accurate the better. On the other 
hand an accuracy less favorable than ± 1% might be worse than some 
preparative electrophoresis techniques and the AAEF accuracy 
should be better than those to fulfill Its purpose. 

The mobility range specified covers all known native cell mobili- 
ties at physiological pH and allows for mobility determinations 
after a variety of chemical or enzymatic treatments as well. 

2.1.4 Specific Conductivity, Temperature and pH Range 

The AAEF must be capable of operating with suspending media of 
specific conductivity < 0.021 0”^ cm~^ over a temperature range 
of 4’‘C to 27’*C and over a pH range of 2 to ll. 

It Is essential that the AAEF be able to operate with suspending 
medlr of physiological Ionic strength (which determined the con- 
ductivity upper limit) since only under such conditions would an 
unknown cell population be reasonably sure to provide a mobility 
distribution which reflects propertle of the native cell surface. 
In lower Ionic strength media leakage of cell contents followed 
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by adsorption to the cell surface frequently occurs » leading to 
spurious electroklnetlc characteristics (3) . It is essential to 
have physiological ionic strength baseline data for cell popula- 
tions whose surface charge properties haven't been completely 
explored. 

The operating temperature and pH ranges included all those re- 
quested by respondents to the survey. They represent the usual 
limits for such parameters when viable cells are employed. 

2.1.5 Chamber and Electrode Material 

The dhamber and eteotrodee should be compatible with nomal bio- 
logical support media (containing proteins ^ carbohydrates , multi- 
valent ionst etc. } in their operating configuration. Measurement 
conditions and chamber materials should be such that cells under- 
going measurement retain the same viability and surface properties 
as an appropriate control suspension not exposed to the instrument. 

This requirement is self evident. Some cell types such as 
platelets and macrophages adhere to glass, the usual material of 
choice. However, this adherence need not interfere with the 
mobility determination unless any cell products leaked by 
adherent cells interfere with the cells being measured. This can 
in principle be a problem with platelets, but macrophages have 
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not been shown to be a problem in this sense. 

2.1.6 Applied Field Specification 

The applied eleatvio field may be either TCi or AC to take advan- 
tage of the suppression of eleotroosmotio flow in the eleotro- 
phcresis chamber f provided the applied field frequently is less 
than approximately 1,0 kHz. 

It has been shown by Vorob'eva, Vlodavets and Dukhlm (4) that the 
electroosmotlc flow profile In a chamber with rectangular cross- 
section Is significantly blunted if an alternating electric field 
is applied. This blunting provides a core region In the center 
of the chamber over which mobility determinations should be able 
to be made Independent of position, provided only that the magni- 
tude of the core velocity be known. The blunting Is Independent 
of the magnitude of the electroosmotlc velocity at the chamber 
wall, and hence Is Independent of the cbrmber wall surface charge 
characteristics . 

The Interest In this phenomenon from the point of view of the 
AAEF is clear If the discussion In Section 2.1.1 Is considered. 

In order to make accurate electrophoretic mobility measurements 
at more than one radial location In the chamber the background 
fluid flow should be constant throughout the region of Interest. 
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with a DC appll d field this can only occur If either no electro- 
osmotic flow Is present, Implying a zero wall charge, or if plug 
flow occurs induced by the presence of porous plugs bearing the 
same capillary surface charge as the chamber walls (5) . Both 
these procedures Involve wall coating techniques which are not yet 
well worked out nd which are likely to be time-dependent. Using 
an AC field to flatten and reduce the core flow appears to be an 
excellent solution to the problem provided sufficiently rapid 
velocity measuring techniques are available. Techniques which 
rely on displacement and time measurements to calculate mobilities 
cannot easily utilize this innovation because of the small dis- 
placement amplitudes involved at the frequencies required. 

Although an analytical solution for a flat chamber exists in the 
literature (4) , no calculations have been made for AC electro- 
osmosis in cylindrical chambers. We therefore undertook an 
experimental and theoretical study of this problem, the results 
of which are described below. 

2. 1.6.1 Theoretical Investigation of Relaxation Effects 

We consider the flow in a long closed cylindrical chamber of 
circular cross section, radius a, filled with a fluid of viscosity 
n and density p. Hext to the chand>er ’^-'11 at the radial coordinate 
r ■ a the fluid velocity due to electroosmosis is v^e^^ due to 
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the application of a sinusoidally varying electric field. We 
assume we are far enough from the ends of the chamber that the 
flow is purely axial. The Reynolds Number is assumed such that 
the creeping flow equations apply. Since the chamber is closed 
a pressure gradient dP/dz exists in the axial direction (results 
for an open chamber are found by setting dP/dz * 0). We seek an 
expression for the time-dependent velocity profile v(r,t). 


For axial flow, the Navler-Stokes equation in cylindrical coor- 
dinates is: 


3v 


at 


”[71? 




0 


or, setting 


V » n/p 


and 


K 


1 ^ 
p dz 


^ - vfi ii. + ifj-l + K 
3t (r 3r 3r2j 


0 


Let v(r,t) = u(r)e^*^^ , u(r) complex, and write K ■ K^e^*", 
Kq * complex constant. Using the fact that the flow at r = 0 
must be finite, and the bounding conditions: 

1) u(a) = Uq « real 
a 

2) r u(r)*2irr*dr -0 in a closed system, it can be shown 
*0 

that the following solution for u(r) applies: 
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u(r) = 


u„ 


aap- r^ 

A 




|(t - 

1 bel'aa 

2 J 


berar 


+ belaa + y ber'aajbeiar - + 5.^ 

+ beraa - -i- bei'aajbeiar 

- beiaa + — ber*aa]beror + ^ > 

[a 2 J 2f 


where: berx, beix are zeroth order real and imaginary Kelvin 

functions of x (6) 

ber'x, bel'x are their first derivatives w.r.t.x. 
a = (u/v)^^^ 

0 ) = radian frequency of applied field 

p * ber^aa + bei^aa 

q « beraa*bei’aa - ber*aa*beiaa 

Tq * beraa*ber*aa + beiaa*bei*aa 

ri = q - Pi/aa 

Pj = ber^oa + bel^oa 


Some typical plots of the fluid velocity amplitude at a point r, 
divided by its value at the wall, are given for a 2 mm diameter 
tube, both open and closed. In Figures 2. 1.6. 1.1 and 2. 1.6. 1.2 
according to this expression. It is clear that in the cylindrical 
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Figure 2. 1. 6. 1. 1. Amplitude profile of flow 
velocity in a closed cylindrical chamber In- 
duced by electroosmosis In alternating elec- 
tric fields of the frequencies indicated; 
velocity amplitude expressed relative to ampli 
tude of wall velocity u^; chamber radius = 

0. 1 cm. 
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Figure 2. 1. 6. 1. 2. Amplitude profile of flow 
velocity in an open cylindrical chamber induced 
by electroosmosis in alternating electric fields 
of the freguencies indicated; velocity amplitude 
expressed relative to amplitude of wall velocity 
Uq: chamber radius = 0.1 cm. 
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geometry as well there is considerable blunting of the flow profile 
accompanied by a decrease in amplitude as the frequence is increased. 
The effect occurs at lower frequencies in the open than in the 
closed chamber. Figure 2.1. 6.1. 3 shows that the region over which 
posit ion* independent flow occurs occupies greater than 90% of the 
cross*sectional area in a closed chamber at frequencies above 
100 Hz. It should therefore be possible to make cell electro* 
phoretic mobility determinations over a considerable depth of the 
chamber without variation in the electrcosmotic component of the 
observed velocity > providing the cell mobility values themselves 
are not affected by fields of the frequency employed. 

An estimate of the upper frequency limit beyond which AC fields 
should not be employed for accurate results may be obtained from 
a consideration of the relaxation behavior of a particle under* 
going electrophoresis* For small particles in low ionic strength 
medium where the ionic double layer is expanded » the double layer 
itself becomes significantly polarized in the applied electric 
field. This polarization acts to retard the particle motion. The 
relaxation behavior of the retardation effect has been studied in 
some detail (7»8), and the relaxation frequency found to be very 
low for particles of the size of cells (5-50 Hz) • Fortunately, 
however, the conditions under which electrophoretic retardation 
has any effect on cell mobilities are such that no retardation 
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Figure 2. 1. 6. 1. 3. Relative width of core region 
over which flow velocity amplitude is independent 
of position in a closed cylindrical chamber of 
radius 0. 1 cm. 





* 
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occurs under the usual biological operating conditions. Retarda- 
tion effects are only felt If 

Ka > 300 

where k Is the Inverse of the double layer thickness, given by: 

. SirNAe^l/lOOO ekT 

where ■ Avogadro's number 

e ■ electron charge 

e a medium dielectric constant 

kl ■> Boltzmann's constant x absolute temperature 

1 2 

I * Ionic strength = ^ | <^1^1 

= valence of Ionic species 1 
Cj^ = molar concentration of Ionic species 1 

Even in a lower ionic strength medium of c «* 10“^ M so long as 
a > 2.5 microns no retardation will occur, and hence relaxation 
of retardation will have no effect on cell mobility. 

The other relaxation behavior which requires Investigation Is the 
frequency dependence of the rel 2 ixatlon due to cell Inertia, that 
is, the time it takes for a cell to reach terminal velocity when 
an electric field is applied. The relaxation time nay be obtained 
from a straight forward analysis of the second order differential 
force balance equation using Henry's (9) expressions for the 
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forces acting on a particle undergoing electrophoresis. 


The differential equation Is: 


which leads to: 


mx + 6irnax - — = 0 


v(t) = Vo(l - 


where 


2 

T * -r 


^ is the characteristic relaxation time for 

9 n ^ 


a spherical cell. Here: 

E = magnitude of electric field applied as a step 
function at time t » 0 
C = particle zeta potential 

X * spatial coordinate; number of dots Indicate first 
or second derivative 

v(t),VQ * time-dependent and steady state velocity respectively 

4 ^ 

m * mass of cell «= -j Pc 
Pg = cell density 


The relaxation frequency v^. = for a cell of 5u radius is 

therefore 1.5 x 10^ Hz, and the cell velocity will be within 0.3% 
of Vq after a time t* - 38 ps. Implying frequencies < 26 kHz 
would be acceptable. A frequency of 1.0 kHz would therefore be 
satisfactory for cells up to SOp diameter, although the largest 
cells suggested by survey respondents (lOOp diameter) would be 
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limited to measurement frequencies of i 250 Hz. Since these very 
large cells probably could not be measured at one g, the 1 kHz 
upper limit was considered reasonable as a frequency specification. 

2. 1.6. 2 Experimental Investigation of AC Electroosmosis 

The only techniques available to us to test the theory presented 
In the previous section without major expenditure were displace- 
ment amplitude measurements of test particles undergoing electro- 
phoresis. We were therefore limited In frequency to v $ 10 Hz 
because In spite of maximizing the field strength, particle 
mobility and optical magnification the displacements were too 
small to measure visually at higher frequencies. 

The test particles used were polyvinyl toluene (PVT) latex spheres 
of 2.02y diameter suspended In 5 x 10~^ M NaHCO^ plus 0.02% sodium 
dodecyl sulphate (SDS) . The SDS was added to produce a high 
uniform surface charge by equilibrium adsorption that would be 
time Independent and that would maximize particle displacements 
due to the sum of electi'oosmotlc flow and electrophoretic motion. 

A high field chamber was constructed for the experiments with a 
short 2 mm l.d. capillary section (3.5 cm compared to the usual 
10 cm) to maximize the field strength obtainable for a given 
applied voltage. The AC power supply was comprised of a modified 
Exact Model 251 Function Generator and an Exact Model 170 
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Amplifier which combination delivered a reasonably faithful sin 
and square wave of 80 v pk-pk at up to 0.5a. Field strength of 
9.7 V cm~^ were applied via platinlzed-Pt electrodes at frequen- 
cies between 0 and 10 Hz to suspensions of the PVT spheres in 
NaHC 03 /SDS. Particle oscillations were recorded on a SONY AV 
3600 video tape recorder- hrough the microelectrophoresis 
apparatus microscope at 'v XIOOO optical magnification. Oscilla- 
tion amplitudes were measured by a frame-by-frame analysis of the 
recordings using a calibrated grid on the screen of a high 
resolution Concord VH12 video monitor. Oscillations were recorded 
throughout one half of the depth of the capillary chamber, the 
position with respect to the wall being given by a dial gauge 
indicator gauged to the focussing adjustment of the microscope. 

The PVT/SDS system had a narrow, reproducible mobility distribu- 
tion with mean mobility (DC) measured at the stationary level of 
-7.64 ± 0.34 p s”^ v“^ cm. Extrapolation of the DC parabola of 
apparent mobility as a function of distance from the wall gave 
the ratio of wall velocity to particle velocity f ■ 1.06. 

The theory of Section 2. 1.6.1 was utilized to calculate the 
theoretical particle displacement amplitude, D, by the following 
expression: 
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where Vp - particle velocity due to electrophoresis only 
f • '*o/Vp 

Uq > electroosmotlc flow velocity at chamber wall 
• u| + u| 

Uj^»Ui > real, Imaginary parts of complex fluid velocity 
amplitude u(r) 

( 1 ) - radian frequency applied field 

The results of both experiment and theory are presented In 
Figure 2. 1.6. 2.1. The arbitrary displacement amplitude units 
are In fact cm of displacement on the video monitor screen. 

There was an absolute systematic 17% underestimate of the theoret- 
ical prediction of the magnitude of the observed displacement 
which was probably an optical calibration error. The experimental 
values were therefore all corrected by this amount to allow a 
better comparison of radial dependence results to be *^de. The 
Figure shows that the theoretical pr..dlctlons were borne out by 
the experimental results over the range tested. If the theory 
were not applied and the displacements calculated assuming 
u(r)/uo was Independent of frequency the theoretical results at 
5 Hz and 10 Hz would have fallen uniformly 2 to 3 standard 
deviations above the measured values near the center of the 
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chamber. The theory is therefore probably correct, although much 
more work would have to be done to verify It exactly. 

2. 1.6. 3 Implications for AAEF 

The results described above strongly suggest that It would be 
advantageous to operate the AAEF In an AC mode. AC operation 
would allow cell velocity measurements to be made over most of the 
volume of the chamber without having to reduce the wall charge to 
zero. Such freedom Is clearly required If a large number of 
mobility determinations are to be made on each sample If an 
open ebrnber were designed, the electroosmotlc flow would be 
essentially zero over the core region. If a closed chamber were 
to be used at frequencies between 1.0 kHz and 0.1 kHz the magni- 
tude of the core velocltv would be 2% to 5% of the wall velocity. 
Apparent mobility histograms would therefore exhibit an Internally 
consistent absolute error of this size. Absolute histograms could 
easily be derived by either measuring the ^ore velocity with 
particles of known finite or zero mobility or by calculation 
applying the above theory. 

2.1.7 Non-electrophoretic Characteristic Recognition 

The AAEF should inoorpotHxte the aapability to recognize and record 
other individual cell parameters besides electrophoretic mobility^ 


36 



as seem appropriate for the population imder examination. In 
partioulaTf the ability to distinguish beUseen cells with and 
without a fluorescent label should be included in the AAEF, 

Optical examination of individual cells in the AAEF opens up the 
possibility of measurement of other parameters which may be 
correlated with electrophoretic mobility. The sedimentation rate 
of each cell could in principle be measured simultaneously with 
its velocity measurement, providing information on the geometry 
and density of the cell. It would also appear possible to incor- 
porate the ability to detect the presence or absence of a fluores- 
cent label on each cell. In this way very sensitive surface 
property correlations could be made since highly specific anti- 
bodies and lectins may easily be tagged with fluorescent labels. 
This capability would tremendously strengthen the AAEF since it 
would then Include a sensitive and widely used recognition proce- 
dure which would allow subpopulation Identification. 

2.1.8 Data Analysis Software 

As well as providing hard copies of electrophoretic mobility 
distributions, the AAEF should include the capability for detailed 
statistical analysis of the mobility data. These programs should 
provide: 

0 descriptive statistics for the data. 
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# aseesament of the mimodality of the nobility distribu- 
tion via the oomputation of diatribution-frec atatiatioa 
for goodness of fit to knom mobility distributions 
obtained from oalibration populations, 

0 special locally most powerful teat statistics to detect 
very small subpopulationa of h%cum mean and standard 
deviation^ with errors of the first and second kind 
controlled to within preset limits. 

The requirement for statistical calculations and tests of the data 
is clear. Particular attention should be paid to the identifica- 
tion and characterization of subpopulations since these are the 
objects of Interest for preparative electrophoresis. The better 
characterized they are the better may be chosen the conditions 
for their separation. There exist in the literature special test 
statistics designed to detect very small subpopulations of known 
characteristics (10). These should be included in the AAEF 
software. 


2.2 K»- commended Automation Technique 

As a result of reading and discussions with various concerned 
individuals four possible techniques for automating analytical 
electrophoresis were identified and considered. Each will be 



described below and its merits discussed. 


2.2.1 Laser Doppler Spectroscopy 

The Doppler shift in laser light scattered by cells undergoing 
electrophoresis has recently been utilized Independently by two 
investigators to estimate mobility distributions. Dr. Ben Ware 
of Harvard University and Dr. Ed Uzgirls of General Electric 
Research and Development Center have both developed apparatuses 
of comparable accuracy (3%-5%) . The measurement technique con- 
sists basically of optically beating the light scattered from 
moving cells against an unshlfted reference beam and detecting 
the mixed beam with a photocell. The frequency differences due 
to Doppler shifts In the beam scattered from cells undergoing 
electrophoresis are proportional to the cell velocity. Providing 
no electroosmotic or other flows are present In the system the 
beat frequency spectrum Is proportional to the mobility distribu- 
tion of the cell sample. 

The laser Doppler approach has the following advantages: 

a The mobility distribution Is obtained rapidly; an 
acceptable spectrum from the cells present in the 
scattering volume can be collected In less than one 


minute . 



• Sample volumes are small, well under 1 ml, and less 
than 10^ cells could be used to provide a distribution. 

e The technique Is very versatile with respect to the 
dimensions of the cells or particles being examined; 
anything from the size of macromolecules on up may be 
used as the sample. 

• Most of the basic apparatus designs, with the exception 
of a satisfactory chamber for physiological Ionic 
strength work, have been worked out. 

• An apparatus could be assembled for relatively low 
cost (< $20,000 excluding statistical analysis capa- 
bility) . 

It is recommended that the AAEF not be developed around laser 
Doppler spectroscopy, however, for the following reasons: 

e The technique would not be very accurate, particularly 
for cells suspended in media of physiological Ionic 
strength where mobilities are relatively low. Typical 
Doppler frequency shifts recorded under these conditions 
would be 20 ± 0.5 Hz where the uncertainty represents 
the resolution of the spectriim analyzer used. Hence, 
even assuming no other errors were present the accuracy 
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and resolution would be limited to ± 2-3Z. Since it is 
corcelvable that preparative electrophoresis techniques 
could surpass this resolution, a more precise technique 
for the AAEF would be preferable. 

It wv,uld be difficult to apply the AC mode of electro- 
phoresis in order to eliminate problems associated with 
electroosmosis. If frequencies much higher than the 
magnitude Doppler frequency shift are applied, the 
frequency spectrum cannot be analyzed within the 
period of one cycle of the applied electric field. 
Switching transients then appear in the scattered 
light spectrum at harmonics at the applied field 
frequency. While in principle the required true 
Doppler frequency spectrum can be extracted from the 
spectrum this could be a difficult problem when a 
complex mobility spectrum is superimposed on the 
transients which would probably reduce the accuracy of 
the derived mobility distribution somewhat. Alterna- 
tive methods for eliminating electroosmosis such as 
keeping the electrodes away from the chamber walls or 
using chamber wall coatings are objectionable in that 
sample contact with electrode products is to be avoided 
and wall coatings are time dependent at best. 
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• There le no way to obtain non-electrophoretic Informa- 
tion on individual cells or cell populations undergoing 
electrophoresis . 

e No one has yet worked successfully with the technique 
in high ionic strength media; certainly the accuracy 
and resolution of distributions of low mobility popula- 
tions would be very pcor due to the resolution limit of 
the spectrum analyzer. 

e The mobility spectrum produced Is not a true mobility 
distribution. The output from the spectrum analyzer is 
in fact a plot of scattered light intensity as a func- 
tion of beat frequency. While the beat frequency is 
directly proportional to cell velocity, the scattered 
light intensity Is not proportional only to the number 
of cells in the scattering volume. The intensity of 
light scattered at a given angle will depend on cell 
size, shape, orientation and refractive index. Unless 
all these properties are known as a function of mobility, 
the true distribution of cell number vs mobility cannot 
in principle be obtained. In an unknown cell population 
these parameters could vary widely, producing apparent 
peaks in the distribution that could lead to misinter- 
pretation of the spectrum and identification of sub- 
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populations that would not be separable by preparative 
electrophoresis . 

For these reasons, particularly for that regarding the fidelity 
of the apparent mobility distribution produced, It would seem that 
laser Doppler spectroscopy would not be as suitable a technique as 
that recommended. 

2.2.2 Pen Kern Automation Technique 

Mr. Phil Goetz of the Pen Kern Corporation has Invented a technique 
for transducing the focussed microscopic Image of a field of moving 
particles Into a signal of scattered light Intensity as a function 
of migration velocity. The Image of the particle field and a grid 
are focussed on a photocell. As the light beam scattered from 
each moving cell crosses the grid It generates a light Intensity 
pulse. The pulse frequency for each cell Is porportlonal to the 
velocity of the cell relative to the grid. Hence the frequency 
distribution associated with the population can be analyzed with 
a spectrum analyzer to produce an apparent mobility spectrum. 

This technique has the advantages that: 

• In principle it can be applied directly to micro- 
electrophoresis as It Is presently used. 



• It Is compatible with the application of an AC field 
of the frequencies required to obviate electrocsmosls 
problems. 

a It should be less sensitive to vibration than the 
laser Doppler method. 

The Pen Kern approach suffers, however, from the following limita- 
tions : 

• At the time Pen Kern was contacted no system had been 
developed that could be used for cells. A breadboard 
model was being put together but was being tested only 
on TIO 2 particles which scatter much more light than 
cells. It was not clear that a cell suspension would 
give a usable signal, nor that a sufficient number of 
cells could be analyzed. 

• Development costs would probably be high. 

• No individual cell information could be obtained by 
this technique. 

• Typical frequencies for cells In media of physiological 
ionic strength would be < 50 Hz so the accuracy and 
resolution of the technique would then be > ± 1% due to 
the resolution of the spectrum analyzer. 
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• The output is a plot of scattered light intensity as a 
function of particle velocity. As discussed in Section 
2.2.1 this is not necessarily the true mobility distrl> 
butlon and is therefore open to only restricted inter- 
pretation and analysis. 

Principally for the last reason the Pen Kern approach was not 
recommended for the NASA AAEF. 

2.2.3 Particle Field Holography 

As one of the aims of developing the AAEF is to obtain Information 
on a large number of cells the fecslbility of using time lapse 
holography to store the positions of cells undergoing electro- 
phoresis as a function of time was investigated. Subsequent 
analysis of the holograms would allow the determination of a 
large number of cell mobilities. Applying holography to the AAEF 
would have the following advantages: 

• A large number of mobility determinations could be 
obtained on the same sample. Using available standard 
technology holograms of 'v< 1 mm of sample volume could 
be obtained with sufficient frequency to provide > 10^ 
mobility determinations on a sample. 
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• Individual cell geometries would be available to 
correlate with mobilities. 

e Small sample sizes could be employed o£ 'V' 10^ cells. 

However, the technique has several disadvantages: 

« A method for automatically analyzing holograms for cell 
geometry and position would have to be developed as 
none currently exists. Such a development would be 
quite expensive and take probably three years. 

• The analysis would have to be done off-line which 
could be a disadvantage for some applications. 

• Since the method employs displacement measurements 
over known Intervals to determine cell mobilities the 
AC mode for electroosmosis suppression could not be 
used. The electroosmotlc profile would have to be 
known if a standard chamber geometry were used, or 
another chamber with electrodes away from the walls 
developed. 

a Individual mobility determinations might not 1 : very 
accurate, depending on the amount of noise in the 
hologram. Holography at present has lower resolution 
than photography. 
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For these reasons it seems clear that at the present time It would 
oe unwarranted to attempt to apply particle field holographic 
techniques to the automation of analytical electrophoresis. 

2.2.4 Computer Analysis of Video Images of an Electro- 
phoresis Field 

This approach Is discussed In detail In an unsolicated contract 
proposal to MSFC dated April 22, 1975 and in subsequent documents. 
Basically, a microelectrophoresis apparatus equipped with phase 
contrast optics would be used with a television csinera replacing 
the eye of the operator. The video image would then be analyzed 
llne-by-llne to measure the position of every cell on each sweep. 
Measurements of cell position would therefore be made at the rate 
of 15 kHz. Phase contrast optics would ensure the sharp defini- 
tion of cells in focus necessary for their Identification. Auto- 
mation using this approach would have the following advantages: 

e Each mobility determination would be extremely accurate 
because of the large number of estimates that could be 
made on each cell In a few seconds, accuracy should be 
very good over the whole mobility range of Interest. 

e Electrophoresis could be carried out In alternating 
applied fields to suppress electroosmosis and provide 
a large volume In which mobilities would be Independent 



of radial poaitloa In the elactrophoraaia chamber. A 
large nusd>er of celle could therefore be measured with- 
out having to wait for aedlnentatlon to repleniah the 
optical field at the stationary level. 

e Individual cell chavucterlatlcs could be measured and 
correlated with mobilities. Fluorescent cells could 
also In principle be distinguished. 

a The mobility data would be suitable for sophisticated 
statistical analysis because of Its absolute and 
relative accuracy. 

The principal disadvantages of using video image analysis for the 
AAEF would be that: 

s The system will largely have to be developed from 
scratch and will be fairly expensive. 

In spite of this difficulty, the advantages of this approach - 
particularly the accuracy, single cell recognition capability and 
the possibilities for statistical testing - make this the 
technique of choice for development of the AAEF. 


48 
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PRIORITY RATIWG OF SPECIFICATIONS 


The specifications were formed Into three groups In diminishing 
order of priority as follows: 

Group I 

e Detemine individual mbilitiea of SOO oella of 
diameter 2 to 2S miorone within SO minutee from a 
sample of lO^ oella or leas, 

e Determine individual mobilities to an aoouraoy of 
± 1.0% over a mobility range of 0.5 x 10~^ to 
3.0 X lO”^ an^ e"^ y“^. 

e Operate at 25* C with auapending media of epeoifio 
oonduotivity < 0.02 0“^ am“^ over a pH range of 
6.5 to 7.5. 

• Uae applied eleetrio fields of frequency < lOOO Hz. 

e Chamber and eleotrodea must be oompatible with normal 
biological support media (containing proteins, oarbo- 
hydrates, multivalent ions, etc.) in their operating 
configuration. Measurement conditions and chamber 
materials shall be such that cells undergoing measure^ 
ment retain the same viability and surface properties 



n 





f 




OB cm appropriate oontrol euepeneion not esepoeei to 
the inatrment, 

• Provide hard oopy of mobility dietribw„ion plus mean 
and etandard deviation of total population. 

These were considered the mlnliiium requirements for the production 
of e facility useful to the HASA electrophoresis program, niey 
would overcome the problems of using the manusl technique without 
providing too severe an imposition on the developer. It would 
accept cells in the normal size range ^n a number commonly required 
at present. A 30 minute measurement time is coo^atlble with most 
cell samples. Accuracy to ± 1% would probably equal the beat 
preparative electrophoresis procedures currently conceived. It 
would operate under physiological conditions in the AC mode and 
would provide enough data for a reliable reproducible mobility 
histogram. 

Group II 

• Detemine individual mobilities of 500 oelle within 
lO minutes at a rate of four total determinatione per 
hour. 

e Provide a statistical assessment of the unimodality of 
the mobility dietributi-on via the computation of 
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distributicn-free etatiatioe for goodneae of fit to 
knoun mobility diatrihutiona obtained from oalibration 
populations. Provide apeoial locally moat powerful 
teat atatistioa to deteot very small aub-populationa of 
known mean and standard deviation, with errors of the 
first and second kind controlled to within preset 
limits. 

These additional requirements would allow a large number of 
samples to be examined and analyzed statistically for the presence 
of subpopulations that may not be obvious from the appearance of 
the histogram. Completion to this level would allow the AAEF to 
be applied to most samples of preparative interest. 

Group II 7 

e Determine mobilities on a total sample size of 10^ 
cells. 

• Excluding problems of sedimentation the apparatus 
should be capable of collecting mobility data on cells 
in the size range O.S to lOO microns in diameter. 

• Determine individual mobilities to an accuracy of 
± 0.3% over a mobility range of O.S x 10~^ to 
8,0 X 10“^ cw^ s”^ v~^. 
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• Operate oyer a temperature range of 4*C to S?*C and a 
pH range of 2 to ll, 

• Incorporate the oapability of recognizing and record- 
ing other individual cell parameters besides electro- 
phoretic mobility f as seems appropriate for the popu- 
lation under examination. In particular, provide the 
ability to distinguish betDeen cells with and without 
a fluorescent label. 

Completion to the final level would provide the ultimate instru- 
ment capable of examining the small sample sizes requested by 
many respondents to the user community survey. It would provide 
the most accurate data consistent with the number of measurements 
required. It would provide additional diagnostic capabilities 
that would describe the sample more thoroughly than simply by its 
mobility distribution. It would therefore have a very powerful 
capability for sample characterization that would have diagnostic 
applications as well as applications in determining separability. 
These diagnostic applications were identified by many of those 
surveyed as prime possibilities for use of the AAEF in clinical 


situations 
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Appendix 1 


User Coanunlty Survey 

This Appendix Is comprised of: 

e the names and addresses to whom the user 
conmunlty survey was distributed, 

e the letter and form which was mailed out, 

e the responses received. 

Statements of particular Interest to the NASA electro- 
phoresis program have been underlined. 





Dr. P. Alexandre 
Centre regional de transfusion 
et d* hematologic de Nancy 
Nancy, France 

Dr. J. Aznar 
Diudad Sanit La Fe 
Dept. Clin. Pathol. 

Valencia, Spain 

Dr. K. Balalurls 
All India Institute 
of Medical Science 
Department of Biochemistry 
New Delhi 110016, India 

Dr. K.D. Bhoola 
University of Bristol 
Department of Pharmacology 
Bristol BS8 ITD 
Gloucestershire, England 

Dr. M. Bier 

Veterans Administration Hospital 
Tucson, Arizona 85713 

Dr. H.B. Bosmann 
University of Rochester 
School of Ifedlcine & Dentistry 
Dept, of Pharmacology & Toxicology 
Rochester, N.Y. 1A642 

Dr. R.C. Brown 

University of North Carolina 

Chapel Hill, North Carolina 

Dr. H. Carlson 
University of Rochester 
School of Medicine & Dentistry 
Rochester, N.Y. 14642 

Dr. J.T. Carstenson 
University of Wisconsin 
School of Pharmacy 
Madison, Wisconsin 53706 

Or. D.C. Carty 
University of Virginia 
Department of Biochemistry 
Charlottesville, Virginia 22901 



Dr. E.A. Caspary 
Newcastle General Hospital, MRC 
Demyelinatlng Diseases Unit 
Westgate Rd. 

Newcastle-Upon-Tyne NE4 6BE 
England 

Dr. N.L. Ceruttl 
Hospital Juan A. Fernandez 
Secclon Hematol.' 

Buenos Aires, Argentina 

Dr. A.S. Coates 
University of Melbourne 
Russell Grimwade 
School of Biochonlstry 
Melbourne, Victoria, Australia 

Dr. David Danon 

Section of Biological Ultrastructure 
The Weizmann Institute of Science 
Rehovot, Israel 



Dr. B.F. Deys | 

New York University Graduate 

School of Arts and Science I 

Department of Biology j 

New York, N.Y. 10003 i 

5 

Dr. G. Dlnescur 

Molecular Biol. Dept. \ 

Oncologle Institute i 

POB 5916 I 

Bucharest 12, Romania I 

I 

J 

Dr. D, Donald 
University of Dundee 
Department of Dermatology 
Dundee, Scotland 

Dr. F. Dumont 
Inserm, U95 

Exptl. Cancerologle Res. Unit 
Vandoeuvre Les Nancy 54500 
France 

Dr. R. Eckert 

Dawb. Zent Inst. Krebs Forsch. 

ABT Immunbiologie 

1115 Berlin, East Germany 
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Dr. E.J. Field 

Newcastle General Hospital, MRC 
Demyel mating Diseases Unit 
Westgate Rd. 

Newcastle-upon-Tyne, England 
Dr. R.M. Fike 

State University of New York 
School of Medicine 
Department of Microbiology 
Buffalo, N.Y. 14214 

Dr. A.T. Florence 
University of Strathclyde 
Dept, of Pharm. Chemistry 
Glasgow 1, Scotland 

Dr. K.O. Fresen 

Univ. Zurich 

Inst. Med. Mikrobiologie 

Gloria Str 32 

CH-8006 Aurlch, Switzer Imd 

Dr. M. Gorelick 
Dalhousie University 
Halifax, N.S., Canada 

Dr. J. Gunther 
Univ. Rostock 
DDR-2500 Rostock 
East Germany 

Dr. V.S. Guzev 

MV Lomonosov State University 
Soil Biology Department 
Moscow, USSR 

Dr. J.R. Hampton 
Nottingham University 
Department of Medicine 
Nottingham, England 

Dr. S.N.S. Hanjan 
All India Institute of 
Medical Science 
Department of Biochemistry 
New Delhi 16, India 

Dr. G. Holtz 
Universitat Frankfurt 
Inst. Immunhamatol. Transf. 
Frankfurt, Germany 


Dr. Arthur James 
Department of Chemistry 
Bedford College, Regent's Park 
London NHl, England 

Dr. H.L. Jenssen 

Dawb. Zent. Inst. Krebs Forsch. 

Abt. Immunglol. 

1115 Berlin, East Germany 

Dr. G.E. Jones 

Queen Elizabeth College 

Department of Biology 

Campden Hill 

London U8 7AH, England 

Dr. C.A.F. Joslin 
Velindre Hospital 
Tenovus Labs 
Hhitechurch 
Cardiff, Hales 

Dr. J.B. Kayes 
University of Aston 
Department of Pharmacology 
Pharmacology Research Group 
Birmingham 4, England 

Dr. M.A. Khan 

University of Pennsylvania 
Department of Chemistry 
and Biochemical Engineering 
Philadelphia, Pa. 19174 

Dr. L. Klremldjen 
New York University 
Department of Biology 
New York, N.Y. 10003 

Dr. A. Larcan 
Center Hospital 
Univ. Nancy 

29 Ave, Marechal-de-Lattres- 

de Tasslgny 

54037 Nancy, France 

Dr. R.M. Lewkonia 
Immunology Labs 
2 Forrest Rd. 

Edinburgh EH3 9YW, Scotland 

Dr. R.G. Mason 
Department of Pathology 
The Memorial Hospital 
Pawtucket, R.I. 02860 


Dr. T. Iwaguchi 

Cancer Institute of Tokyo 

Toshlma 170, Tokyo, Japan 
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Dr. Eric Mayhew 

Dept, of Experimental Pathology 
Roswell Park Memorial Institute 
Buffalo, New York 14203 

Dr. Howard C. Mel 
Division of Medical Physics 
Donner Laboratory 
University of California 
Berkeley, California 94720 

Dr. H. Meyerrle 
Unlv. Rostock 

Nerven Kiln. Arbeit Neuroimmunol. 
Gehlhelmer Str 20 
25 Rostock 9, East Germany 

Dr. F.J. Mlcale 
Center for Surface and 
Coatings Research 
Lehigh University 
Bethlehem, Pa. 18015 

Dr. J.M. Mlnderholm 
Newcastle General Hospital, MRC 
Demyellnatlng Diseases 
Westgate Rd. 

Newcastle-upon-Tyne NE4 6BE 
England 

Dr. J.R. Mitchell 
Nottingham University 
Department of Medicine 
Nottingham, England 

Dr. J.L. Moore 
Vellndre Hospital 
Tenovus Labs 
Whltechurch 
Cardiff, Wales 

Dr. R.A. Newman 
University of Bath 
School of Biological Science 
Biochemistry Group 
Bath, England 

Dr. D.G. Nlcholls 
Nottingham University 
Department of Medicine 
Nottingham, England 

Dr, Y. Nomura 
Kyoto University 
Department of Pharmacology 
Sakyo, Kyoto, Japan 


Dr. S. Nordllng 
University of Helsinki 
Department of Pathology 3 
SF 00290 

Helsinki 29 « Finland 

Dr. A.H. Preece 
Royal Infirmary 
Radiotherapy Centre 
Horfleld Rd. 

Bristol BS2 8ED, England 

Dr. J.A. Pritchard 
Vellndre Hospital 
Tenovus Labs 
Whltechurch 
Cardiff, Wales 

Dr. K. Redmann 
Rostock UnlversltSt 
Physiol. InstltUt 
Dlv. Medicine 
25 Rostock, East Germany 

Dr. G.E. Roelants 
Basel Inst. Immunologle 
487 Grenzacher Str. 

CH-4058 Basel, Switzerland 

Dr. H. Rohler 
Unlv. Rostock 

DDR-2500 Rostock, East Germany 

Dr. P. Rubinstein 
New York Blood Center 
Serology & Genetics Division 
New York, N.Y. 10021 

Dr. D. Sabolovlc 
Inserm. Unite Rech 95 
Vandoeuvre 54500 
r ranee 

Dr. N. Sabolovlc 
Inserm. Unite Rech 95 
Vandoeuvre 54500 
France 

Dr. E.J. Sanders 
Department of Zoology 
Edmonton, Alb., Canada 

Dr. N.H. Sarkar 

Institute of Medical Research 

Camden, N.J. 08103 




Dr. C. Sato 

Aichl Cancer Center 

Research Institute 

Dept, of Experimental Radiology 

Chlkusa, Nagoya 4C4, Japan 

Dr., B. Sauvezle 
Unlv. Clermont 
Chalre Therapeutlque 
Clermont » France 

Drs. H.E. & B.E. Schaeffer 
Department of Cell Biology 
Glasgow University 
Glasgow, Scotland 

Dr. H. Schott 
Temple University 
School of Pharmacy 
Philadelphia, Pa. 19140 

Dr. G.V.F. Seaman 
University of Oregon 
Health Sciences Center 
Department of Neurology 
Portland, Oregon 97201 

Dr. K.S. Smith 

Newcastle General Hospital, MRC 
Dcmyellnatlng Diseases Unit 
Westgate Rd. 

Newcastle-Upon-Tyne NE4 6BE 
England 

Dr. G. Stein 
Unlv. Ulm 

Center fiir Basic Clinical Res. 
Dept. Clinical Physiology 
Park Str 10-11 
79 Ulm, West Germany 

Dr. J.F. Stoltz 
Center Hospital 
Unlv. Nancy 

29 Ave. Marechal-deLattres- 

de Tasslgny 

54037 Nancy, France 

Dr. F. Stratton 

Reg. Blood Transfusion Service 

Manchester, Lane., England 

Dr. F. Strelff 

Centre Reg. Transfusion Sanguine 
Hematol. Group Rech. Hemorheol. 
54000 Nancy, France 


Dr. U.H. Sutherland 
Vellndre Hospital 
Tenovus Labs 
Whltechurch 
Cardiff, Wales 

Dr. C.B. Thomas 
University of Cambridge 
Department of Pathology 
Dambrldge, England 

Dr. C. Tilley 
University of Alberta 
Department of Physiology 
Edmonton, Alb., Canada 

Dr. Paul Todd 
Department of Biophysics 
Pennsylvania State University 
University Park, Pa. 16802 

Dr. E.G. Tomlch 
Glaxo Research Ltd. 

Stoke Poges, Bucks. 

England 

Dr. S.N. Upadhyay 
Jadavpur University 
Chemistry Department 
Calcutta 700032, India 

Dr. C.J. Vanboxte 
Netherlands Red Cross 
Dept, of Immunohematology 
Blood Transfusion Service 
POB 9190 

Amsterdam, Netherlands 

Dr. J.W. Vanderhoff 
Center for Surface and 
Coatings Research 
Lehigh University 
Bethlehem, Pa. 18015 

Dr. C.J. van Oss 
State University of New York 
Dept, of Chemical Engineering 
Buffalo, N.Y. 14214 

Dr. J.T. Webb 

Institute of Paper Chemistry 
Appleton, Wisconsin 54911 

Dr. Leonard Weiss 
Dept, of Experimental Pathology 
Roswell Park Memorial Institute 
Buffalo, New York 14203 
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Dr. J.N. Wllg 

Unlv. Bergen 

Gade Inst. Dept. Pathol. 

5016 Bergen, Norway 

Dr. M. Wloland 
Fac. Med. Nancy 
Lab. Physics 
30 Rue Llonnois 
F-54000 Nancy, France 

Dr. J. Woo 

University of Cambridge 
Department of Pathology 
Cambridge 2, England 

Dr. T. Yamada 
National Cancer Center 
Research Institute 
Division of Pathology 
Tsukljl chuo 104 
Tokyo, Japan 

Dr. S.E. Zallk 
University of Alberta 
Department of Zoology 
Edmonton, Alb., Canada 
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UNIVERSITY OF OREGON 
HEALTH SCIENCES CENTER 


1 



OePA R TMENT OF NEUROL OG Y 
Area Code 503 22S-77H 
Portland, Oregon 97201 


As you nay know, the National Aeronautics and Space Adninistration 
of the United States is currently Involved in an extensive program 
designed to develop facilities for preparative electrophoretic separa- 
tions of biological materials under zero gravity conditions. By taking 
advantage of the lack of cell sedimentation and thermal convection in 
such an environment more effective separations can in principle be 
achieved. As part of this program, NASA has found a need to obtain an 
automated analytical electrophoresis facility (AAEF) that will allow 
rapid, accurate determinations of electrophoretic mobility dlstrlbuticms 
on a variety of complex mixtures of cells. The AAEF will be used 
primarily for ground-based examination of cell populations which are 
considered candidates for zero gravity separations. 

In order to make the development of a fully automatic analytical 
electrophoresis apparatus maximally useful to scientists outside NASA, 

1 have been asked to survey the electrophoresis user community to 
determine the performance levels to which such an Instrument should 
operate. In this way it is hoped that in subsequent availability the 
Instrument will fulfill the requirements of as many Investigators as 
possible. 1 would therefore greatly appreciate it if you would fill 
out the attached form as fully as possible. Keep' in mind that the 
AAEF, as presently envisaged, will be completely automatic and should 
provide data on a large number of cells, so please indicate the 
specifications you would like to see satisfied without direct regard 
for the current state of the art. 

To satisfy NASA's schedule, I will need the completed specification 
forms returned by December 19, 1975. Please address them to: 

Dr. D.E. Brooks 

Department of Neurology 

University of Oregon Health Sciences Center 

Portland, Oregon 97201 
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May I thank you In anticipation of your astistanca In conpUlng the 
operating apaelflcatlons for the AAEF. Your cooperation will help produce 
an instrunent which 1 am sure will prove to be a real advancaaant in 
electrophoretic Inveatlgatlona. 


Yours sincerely. 


D.E. Brooks, Ph.D. 


DEB:Jc 
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL 
ELECTROPHORESIS FACILITY 


P1«M« provide the veluee for the peraneters given below which would best suit 
your spplicstione. Any coonents or sddltlonsl requirements ere welcomed; please 
include them in response to question 13. 


1. What is the sstallest total sample slse (number of cells) that you would wish 
to examine? 


2. How many individual cell mobility determinations would be required in any 
one suspending medium to electrophoretlcally characterise the most complex 
population with which you would like to deal? 


3. What are the diameters of the largest and smallest particles you would like 
to examine electrophoretlcally? 


4. What statistical parameters should be provided by the AAEF to adequately 
describe the mobility distribution of your cell populations? 


5. What are the highest and lowest absolute mobility values you would wish to 
measure? 


6. What should the absolute accuracy of each mobility determination be? 


7. What is the minimum mobility difference the AAEF should be able to resolve? 


8. How rapidly, and at what lnte).*vals, should the electrophoretic characterisa- 
tion described in question 2 be carried out? Is speed of measuraownt 
Important to you? 


9. Over what temperature range should the AAEF be capable of operating? 


0 

0 

II 

r, I 

!i 

0 

II 



i 
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10. Over whAt ranga of pH and Ionic strength %fould you like to operate? 


11. Are there any unusual llaltatlons on the types of materials to which your 
samples can be exposed during electrophoresis? 


12. Would you rather have an apparatus that produced rapid (1 per minute) but 
approximate (± 5Z) mobility spectra or one that was slower (15 minutes per 
determination) but more accurate (± 0.1Z)7 


13. Do you have any other requirements that should be consldarad In providing 
specifications for the AAEF? Do you think the development of such an 
Instrument Is worthwhile? Do you have any additional consmts? 


Mama and address 
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL 
ELECTROPHORESIS FACILITY 


Please provide the values for the parameters given below which would best suit 
your applications. Any comments or additional requirements are welcomed; please 
Include them In response to question 13. 



i 

! 

T i 

•1 a 


1. What is the smallest total sample size (number of cells) that you would wish 
to examine? ^ , V- ^ 


2. How many Individual cell mobility determinations would be required In any 
one suspending medium to electrophoretlca? '/ characterize the most complex 
population with which you would like to deal? 

5*^5^ •* / 


3. What are the diameters of the largest and smallest particles you would like 
to examine electrophoretlcally? 

C » ^ 2 $ ti 

4. What statistical parameters should be provided by the AAEF to adequately 
describe the mobility distribution of your cell populations? 

Pi'irivrily '^orurate ) istof;'>'ciinc, second: comparison between histograms of 


dif/croni rcmpic's - cornuter sLoroge of nil d:itc end en'’lysis of deviance, 


vrith 2 ' -:‘tieular enp'mnin to difirrenecs l;i mobility of smell proportion of cells 

5. Whaf are^^e highest and lowest absolute mobility values you would wish to 
measure? 

0. 3 7,, //. L'\ 

6. What should the absolute accuracy of each mobility determination be? 

/ ^ 


7. What Is the minimum mobility difference the AAEF should be able to resolve? 

. >2 M U. 


8s Hov rapidly, and at what intervals, should the electrophoretic characteriza- 
tion described in question 2 be carried out? Is speed of measurement 
important to you? 

of !r.'osur^Tneriu 1^. not vory - lO-i;; minutes Is sufficif^ntly f?bl, 

Umit-ition ir not of onolyslsy VuV number of specimens avsileble. 

9s Over what temperature rar^e should the AAEF be capable of operating? 

ic 2 
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10. Over what range of pH and Ionic strength %rould you like to operate? 

p U <) < ■ f' 

11. Are there any unusual limitations on the types of materials to idiich your 
samples can be exposed during electrophoresis? 


12. Would you rather have an apparatus that produced rapid (1 per minute) but 
approximate (± 5Z) mobility spectra or one that was slower (IS minutes per 
determination) but more accurate (± O.IZ)? 

As specified above speed is of no particular consequence- no one can prepare that 
r u;ny ilfferent cell specimens as the apparatus will be able to process even at 
15 min/sample. Accuracy, on the dt)ier hand, is of paramount importance. 

13. Do you have any other requirements that should be considered in providing 
specifications for the AAEF? Do you think the development of such an 
Instrument is worthwhile? Do you have any additional comments? 

^Tedevelognent^^^^JbtEF^^^Jiighlj^^jes^eab^, provided it can give really 

accurate data in terms of actual mobility distribution of individual cells, 

counted one by one. Aversgc mobility data, or adata giving only indirect 

Information on mobility as a function of scattering, or other cell functions 

(orc-^pt mobility) are ot nore limited usefulness. I must reen^haslze that 

speed of each measurement is much less important than accuracy of data. 


Milan Bitr 

Veterans Adm. Hospital 

Tucson. Az. 

Name and address 




KW > 
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL 
ELECTROPHORESIS FACILITY 


Please provide the values for the parameters given below which would best suit 
your applications. Any cooanents or additional requirements are welcomed; please 
Include them in response to question 13. 


il 


il i 


1. What is the smallest total sample size (number of cells) that you would wish 
to examine? 

SiZ- ^3 

2. How many individual cell mobility determinations would be required in any 
one suspending medium to electrophoretically characterize the most complex 
population with which you would like to deal? 


^ (3 


ioo 


3. What are the diameters of the largest and smallest particles you would like 
to examine electrophoretically? 


1.5 A 


3.SA 


4. What statistical parameters should be provided by the AAEF to adequately 
describe the mobility distribution of your cell populations? 

lOCi 


5. What are the highest and lowest absolute mobility values you would wish to 
measure? 

6. What should the absolute accuracy of each mobility determination be? 

7* What Is the minimum mobility difference the AAEF should be able to resolve? 

loo I OJ-04aJLoL 0Ua^ 9<JLo 

8. How rapidly, and at what Intervals, should the electrophoretic characteriza- 
tion described in question 2 be carr-'ed out? Is speed of measurement 
Important to you? 

oH Uc oUxjl {amJUajua^ 5!^^ ^eiXiUt (Lcl /4Ah^ 

9. Over what temperature range should the AAEF be capable of operating? 

o -io” C. 
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10. Over what range of pH and ionic strength would you like, to operate? 

P j s4veu|H>. 

11. Are there any unusual limitations on the types of materials to which your 
samples can be exposed during electrophoresis? 

finM.rA atuKijtflt U 44-OifVJ*. ^ 


12. Would you rather have an apparatus that produced rapid (1 per minute) but 
approximate (± 5Z) mobility spectra or one that was slower (15 minutes per 
determination) but more accurate (± O.IZ)? 

flUkX uyOuo -f- *VUM>C MtCuL^ty 

13. Do you have any other requirements that should be considered in providing 
specifications for the AAEF? Do you think the development of such an 
Instrument is worthwhile? Do you have any additional comments? 

(MthjdkM, lof-IO^I'^.pCma, U4fvioX>fMi^ 

oHua^ h^dLOMja 

,.A, iu «/<*<» loo^hiMti *f 

JULaM. ^ ^ ^ 

..fiijupMoXuit. ti. fluAC. 

Z OXA. OMtC SMJa.<Ua i M luAmMi 

jol*j9AjJidi (J4. unyClMMyluJ^ oi^ AAiX i^ .AC4£A4«eA 
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D<n< 4 iA. Cj.Co/^X^ 

me and address v 

1XtJplt» OfL “Bo^dA^MUdiluL 

TI rv\ ^ 


CUuc^, (yj^ 

CUjhJLothbiA^^ 



) 


JADAVPUR UNIVERSITY 

CALCUTTA-7«»»3*. INDIA 
4M4U<UIIMi> 

FACULTY OF ENOINEERINO A TECHNOLOGY 
DvAmomor Food ItawoDuOY* Enoiwwho 



File rba^i'Fr/>t^^Aicc/75 
Dtt«4t Dtcemter U« 1975. 


Promt 

Dr. D. K. Chittor»3, D.Sc., Ph.D„ 

Rea^r. 

Tot 

Dr. D. RrookSt 
Department of Neurology, 
Unlverelty Oregon, 

Health Sciences Centre, 

Portland, 

Oregon 97201. 


Dear Dr. Brooks, 

Thanks for your letter of November 24, addressed to 
Dr. S. N, Upadhyay in which you have shown interest in our 
works and experience in Cell Electrophoresis. Since Dr.l^adhyay 
left Calcutta after finishing his Ph.D. in 1971, 1 an writing 
the reply for your enquiry in the attached sheets • 

I shall be glad to receive the results of your research 
on the micro electrophoretic study in space which will be a v'"ry 
interesting proposal, I believe. 

With regards. 


Sincerely yours, 
(D. K. Chattoraj) 


original page is 

OF POOR QUALTIY 
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OPERATING SPECIFICATIONS FOR AN AUT(»1ATED ANALYTICAL 
ELECTROPHORESIS FACILITY 


Please provide the values for the parameters given below which would best suit 
your applications. Any conments or additional requirements are welcomed; please 
Include them in response to question 13. 

1. What is the smallest total sample size (number of cells) that you would wish 
to examine? 


2. How many individual cell mobility determinations would be required in any 
one suspending medium to electrophoretlcally characterize the most co^lex 
population with which you would like to deal? 


3. What are the diameters of the largest and ssuillest particles you would like 
to examine electrophoretlcally? 


4. What statistical parameters should be provided by the AAEF to adequately 
describe the mobility distribution of your cell populations? 


5. What are the highest and lowest absolute mobility values you would wish to 


measure? 


6. What should the absolute accuracy of each mobility determination be? 


7. What is the minimum mobility difference the AAEF should be able to resolve? 


8. How rapidly, and at what intervals, should the electrophoretic characteriza- 
tion described in question 2 be carried out? Is speed of measurement 
Important to you? 


lO Sec. ; oJe 


lOo<cc. \ y 


9e Over what tempearature range should the AAEF be capable of operating? 

5 \n^ 5e*e . 
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10. Over whet range of pH and ionic strength would you like to operate? 

2, U 

11. Are there any unusual limitations on the types of materials to which your 
samples can be exposed during electrophoresis? 

l>»«i»c'^grvraiX 

12. Would you rather have an apparatus that produced rapid (1 per minute) but 
approximate (± 5Z) mobility spectra or one that was slower (15 minutes per 
determination) but more accurate (+ 0.1%)? 










13. Do you have any other requirements that should be considered in providing 
specifications for the AAEF? Do you think the development of such an 
instrument is worthwhile? Do you have any additional comments? 


c- Vx C V-tO ^ 

.Jcia-e - c-J- 
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Name and address 
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL 
ELECTROPHORESIS FACILITY 


Please provide the values for the parameters given below which would best suit 
your applications. Any comments or additional requirements are welcomed ; please 
include them in response to question 13. 


1 - What is the smallest total sample size (number of cells) that you would 

wish to examine ? 

We would be satisfied if 10^ cells could provide 100 determinations. 

2 - How many individual cell mobility determinations would be required in any 

one suspending medium to electrophoretically characterize the most conq>lex 
population with which you would like to deal ? 

500 determinations. 

3 - What are the diameters of the largest and smallest particles you would like 

to examine electrophoretically ? 

5 and 20 .^m 

4 - What statistical parameters should be provided by the AAEF to adequately 

describe the mobility distribution of your cell populations ? 

A mobility distribution in the form of an histogram as a function 
of cell frequency for each mobility class. 

5 - What are the highest and lowest absolute mobility values you would wish 

to measure ? 

In NaCl 0.145 M 0.50-1.50 ^m/v“^/sec"^/cm‘^ 

6 - What should the absolute accuracy of each mobility determination be ? 

2 percent 

7 - What is the minimum mobility difference the AAEF should be able to resolve ? 

0.025 jim/v.^/sec ^/cm ^ 

8 - How rapidly, and at what intervals, should the electrophoretic characteriza- 

tion described in question 2 be carried out ? Is speed of measurement 
important to you ? 

The speed is not very Important ; if possible 30 minutes with a 
a small interval. 
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9 - Over what temperature range should the AAEF be capable of operating ? 

2^ - 37°C 

10 • Over what range of pH and ionic strength would you like to operate ? 

pH 7.2 - 7.5 in NaCl 0.145 M 

11 - Are there any unusual limitations on the types of materials to which 

your samples can be exposed during electrophoresis ? 

non-toxic material for cell use 

12 - Would you ratjjier have an apparatus that produced rapid (l per minute) but 

approximate (- 57o) mobility spectra or^one that was slower (15 minutes 
per determination) but more accurate (- 0,1%)? 

We would prefer a slower but more accurate apparatus. 

13 - Do you have any other requirements that should be considered in providing 

specifications of the AAEF ? Do you think the development of such an 
instrument is worthwhile ? Do you have any additional comments ? 

such an apparatus. We have been working 
on lymphocyte electrophoresis for three years now , and have several 
papers to be published in Biomedicine, J. Immunol. Methods and 
Europ. J. of Cancer. 

This form was given to us by Dr SAUVEZIE, which is a member of 
our laboratory. Unfortunately, he has been for some time in 
England, so your letter will have a rather slow reply. 

Could you write us for any development of this question ? 





Dr CHOLLET 
Centre Jean PERRIN 
place Henri Dunant 
B.P. 392 

630II CLERMONT FERRAND CEDEX 
FRANCE. 
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL 
"T.ECTROPHORESIS FACILITY 


Please provide the values for the parameters given below wlilch would best suit 
your applications. Any comments or additional requirements are welcomed; please 
Include them in response to question 13. 


1. What is the smallest total sample size (number of cells) that you would wish 
to examine? , ^ . -a 

I 


2. How many Individual cell mobility determinations would be required In any 
one suspending medium to electrophoretlcally characterize the most complex 
population with which you would like to deal? 




3. What are the diameters of the largest and smallest particles you would like 
to examine electrophoretlcally? 

4. What statistical parameters should be provided by the AAEF to adequately 
describe the mobility distribution of your cell populations? 


H 






5. What are the highest and lowest absolute mobility values you would wish to 
measure? 


/-/ 


O - f >3 V 


•rmnetd 


6e What should the absolute accuracy of each mobility determnetion be? 

t2%. 


7. What Is the minimum mobility difference the AAEF should be able to resolve? 

iC.1 


8. How rapidly, and at what Intervals, should the electrophoretic characteriza- 
tion described in question 2 be carried out? Is speed of measurement 
important to you? 


9. Over what temperature range should the AAEF be capable of operating? 


73 


si 


10. Over what range of pH and ionic strength would you like to operate? 


M 


11. Are there any unusual limitations on the types of materials to which your 
samples can be exposed during electrophoresis? 




4. 






12. Would you rather have an apparatus that produced rapid (1 per minute) but 
approximate (i 5Z) mobility spectra or one that was slower (15 minutes per 
determination) but more accurate (± O.IZ)? 






13. Do you have any other requirements that should be considered in providing 
specifications for the AAEF? Do you think the development of such an 
Instrument Is worthwhile? Do you have any additional comments? 


A' 


OolI 


Mr-—-- — ^ ^ 

A' 1 ^ 

j f /ArX 


> XN * • - 


t:>: e.-- r-r- 


9r>r 




A A Avt- (6 hS, 


/U> 


Name and address 

^54 Av«u S. 

)f^VTVr»nr 
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INsmUTLI ONCol.uOK 
U-i!ul I Mai nr. II P.B. $916 
nUCURESTI 12 

I 13.22.70 Crnirab 
leltfon I |j_4g_28Dir»cHii«n 

Dr. D.E.3rooks 
DejMrtment, of Neurology 

University of Oregon Heelth Sciences Center 
Portland, Oregon 97201, SUA 


10. XII. 1975 


Deer i.rr. Brooks, 

Thf'nk you for your letter concerning AAEF, which I received 
in 8 December; 1 iiicluae the completed specif icetion forma end 1 
hope they will reach you till 19 December, 

My best wishes for the renliaation of very good AAEF 


■"V 1 

~-V>4rVkA.AX9 


Yours sincerely 
feabrielfi Dinescu-Romnlo 


ORIGINAL PAGE IS 
OF POOR QUALITY 


75 



OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL 
ELECTROPHORESIS FACILITY 



Please provide the values for the parameters given below which would best suit 
your applications. Any comments or additional requirements are welcomed; please 
Include them In response to question 13. 


1. What Is the smallest total sample size (number of cells) that you would wish 
to examine? 

Mitochondria: 1 mg/ral; Jells: ‘50/ml 

2. How many Individual cell mobility determinations would be required In any 
one suspending medium to electrophoretlcally characterize the most complex 
population with which you would like to deal? 

20 timings in both directions for one sample. 


3. What are the diameters of the largest and smallest particles you would like 
to examine electrophoretlcally? 

vjells: ?0u/; Nucleus: 4-6/*/; Mitochondria: ; Lysosomes: 0.25-0. 


4. What statistical parameters should be provided by the AAEF to adequately 
describe the mcblllty distribution of your cell populations? 

U=mobilit.v; -average net surface charge density; N=nr. element a ry 

charges per square A » 


5. What are the highest and lowest absolute mobility values you would wish to 
measure? 


6. What should the absolute accuracy of each mobility determination be? 

* Q.5 - 1 % 

7. What Is the minimum mobility difference the AAEF should be able to resolve? 


8. How vapidly, and at what Intervals, should the electrophoretic character Iza- 
< tlon described In question 2 be carried out? Is speed of measurement 
important to you? 

I'fis, for cells which seairaent quickly in usu^l conditions 


9. Over what temperature range should the AAEF be capable of operating? 

4°J - 25 °J - 37° J 
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Over whec range of pH and Ionic strength would you like to opec«be? 

pH: 6 - C.5; ioriac strength: 0.C5 - 0.005 

11. Are there any unusual llinitatlons on the types of materials to which your 
samples can be exposed during electrophoresis? 


12. Would you rather have an apparatus that produced rapid (1 per minute) but 
approximate (± 51) mobility spectra or one that was slower (15 minutes per 
determination) but more accurate (± 0.1%)? 

Hrsponse to Question 13. 

13. Do you have any other requirements that should be considered in providing 
specifications for the A^F? Do you think the development of such an 
Instrument Is worthwhile? Do you have any additional comments? 

T' ) response to 12: If f?e ^iment^ t icn Joes not interfere (zero gravity 

oonaHions) the more r»c:urpte «ppnrntus is prefered; otherwise, for 
pells which scJinent very quicKly (f.i. tumor ascites cells) a rapid 
Jeterminet ion is to be chosen to ensure cell stability at the sta- 
tion‘^^y level. 

b) . AA EF mey help in early detection of membrane systems alteratio ns 
which can possibly act as important pathogenetic factors. 

c) . )ould it be pOvSsible to visualize the electrophoretic behaviour 
of subcellular nnrticles (nucleus, mitochondria, lysosomes) within 
the cell? 


10. XII. 1975 



Dr. Ga briela pinescu - Romolo 
Name and address 

INSTITUTUL ONCOLOGIC? Dept. Immuno- 
logy and biochemistry of Cancer, 
B-dul I Mai Nr. 11, POB 5916, 
Bucuregti-12 , ROMANIA 
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OPERATING SPECIFICATIONS FOR AN AUTOHATED ANALYTICAL 
ELECTROPHORESIS FACILITY 


Please provide the values for the parameters slvsn below which would best suit 
your applications. Any comments or additional requirements are welcomed; please 
Include them In response to question 13. 

1. What Is the m'.allest total sample size (number of cells) that you would wish 

to examine? . 7 



2. How many Individual cell mobility detemlnatlons would be required In any 
one suspending medium to electrophoretlcally characterize the c.ost ccmp^ex 
population with which you would like to deal? 


3. What are the diameters of the largest ard smallest particles you would like 
to examine electrophoretlcally? 




A. What statistical parameters should be provided by the AAEF to adequately 
describe the mobility distribution of your cell populations? 






Uf/TS . 


5. What are the highest and lowest absolute mobility values you vould wish to 
measure? 

3»o 0*3 ^ . 

6. What should the absolute accuracy of each mobility determination be? 

± 

7. What Is the minimum nobility difference the AAEF should be able to resolve? 


8. How rapidly, and at what Intervals, should the electrophoretic characteriza- 
tion described In question 2 be carried out? Is s> fed of measurement 
Important to you? 


CiutmeL' 




9. Over what temperature range should the AAEF be capable of operating? 

2e^l7t 


( 







E 


I il 


;0 

i 

! 


r 


!; 

[; 


10. Over whet range of pH and Ionic strength would you like to operate? 




11 . 


T^O-P’-i yj, ^ <»"*o 


Are there any unusual limitations on the types of materials to which your 
samples can be exposed during electrophoresis? 




12. 


Would you rather ha^'e an apparatus that produced rapid (1 per minute) but 
approximate (1 5Z) mobility spectra or one that was slower (15 minutes per 
determination) but more accurate (± O.IZ)? 




13. Do you have any ocher requirements that should be considered In providing 
specifications for the AAEF? Do you think the development of such an 
Instrument Is worthwhile? Do you have any additional comments? 


>J 

‘■'J 

.V) 




/ 


jii ^ 


/9 


2V. ^ -V. 

Cqq(c^ 

Name and address 
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UNIrt DE CANCflOLOaiE EXPlliHENTALE 
ET IE UDI0BI0L08IE H 95 

a N. S. E. K. MJ 

Plateau de Brabois 
54500 VANDCEUVRE LES NANCY 
(FRANCE) 

Tfit. 55.52.91 


Vaudoeuvre, 16 December 10, 1975 [j ‘ 

il ! 

Doctor D.E. BROOKS :! 

Department of Neurology 

University of Oregon Hec*!th i j 

Science Center 

PORTLAND, OREGON 97201 

U.S.A. ;i 




Dear Doctor Brooks, 

Your name was given to me by my colleague F. DUMONT in 
connection with your inquiry about the performances of a fully automatic 
analytical cell electrophoresis apparatus. 

display of an automatic apparatus is of crucial im | 3 ortan^ . ^ JtiSiLSJlSl 
of hospitals will be interested in thjs^tgchr;.jjtue jf_NASA_brings oj^t an 
automatic equipment . Furthermore^M||jMbe^ 
study variations nf cell surface rharae within a short Interval 

Using this technique for two years, I take the liberty of answering i 

your questionoire . 

Yours faithfully 


Mrs Mireille DONNER 
Chargee de Recherche I.N.S.E.R.M. 
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OPERATING SPECIFICATIONS FOR AN AUIOMATED ANALYTICAL 
ELECTROPHORESIS FACILITY 


: 1 


Please provide the values for the parameters given below which would best suit 
your applications. Any consents or additional requirements are welcomed; please 
Include them in response to question 13. 

1. What is the smallest total sample size (number of cells) that you would wish 

to examine? ,, 

50 cells 


2. How many Individual cell mobility determinations would be required in any 
one suspending medium to electrophoretically characterize the most complex 
population with which you would like to deal? 

500 cells 


3. What are the diameters of the largest and smallest particles you would like 
to examine electrophoretically? 

4 microns - 20 microns 


4. What statistical parameters should be provided by the AAEF to adequately 
describe the mobility distribution of your cell populations? 

Deviation standard or standard error 


! 


I . 


f 1- 

G 


5. What are the highest and lowest absolute mobility values you would wish to 
measure? 

They are dependent on the ionic strength of suspending medium. With a O .145 
ionic strength medium, these values ore QbouL0. 30 - -2 .0 micron/sec/V.cm 


6. What should the absolute accuracy of each mobility determination be? 

2 % 


7. What is the minimum mobility difference the AAEF should be able to resolve? 

0.02 micron/sec / V.cm 


8. How rapidly, and at what Intervals, should the electrophoretic characteriza- 
tion described in question 2 be carried out? Is speed of measurement 
important to you? 


50 cells should be scored v.-U-'in^ minutes 




9. Over what temperature renge should the AAEF be capable of operating? 

4*C - 25®C 
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10. Over what range of pH and ionic strength would you like to operate? 

pH - 6 - 8 


11. Are there any unusual limitations on the types of materials to which your 
samples can be exposed during electrophoresis? 

Plastic materials should be prohibited 


12. Would you rather have an apparatus that produced rapid (1 per minute) but 
approximate (± 5%) mobility spectra or one that was slower (15 minutes per 
determination) but more accurate (± 0.1%)? 

The apparatus should allow these both possibilities. 


13. Do you have any other requirements that should be considered in providing 
specifications for the AAEF? Do you think the development of such an 
instrument is worthwhile? Do you have any additional comments? 

a) It is difficult to indicate the range of ionic strength of media. It is dependent 
on the voltage used in the apparatus. If Nasa develops an apparatus which 
measures speed of cells by laser Doppler spectroscopy, it is likely that medio 
with a weak ionic strength ( -c. 0,005) will have to be used. Otherwise, it 
would be better to use physiological ionic strength (-c. 0,15). 


b) It would be very interesting to have mobility spectra on an oscilloscope or 
an external recorder. For other applications, the display of the electrophoretic 
mobility for each cell would be necessary. 


Mme Mireille DONNER 

U 95 - INSERM - 
Plateau de Brabois 

Name and address 

54500 - Vandoeuvre les Nancy ( France) 
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OPERATING SPECIFICATIONS FOR AN AUTOHATED ANALYTICAL 
ELECTROPHORESIS FACILITY 
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Please provide the values for the parameters given below which would best suit 
your applications. Any comments or additional requirmsents are welcomed; please 
include thms in response to question 13. 

1. What is the smallest total sample size (number of cells) that you would wish 


to examine? 


10 cells 


2. How many individual cell mobility determinations would be required in any 
one suspending medium to electrophoretlcally characterize the most complex 
population with which you would like to deal? 

300 


3. VIhat are the diameters of the largest and smallest particles you would like 
to examine electrophoretlcally? 

5 - 15u 


4. What statistical parameters should be provided .by the AAEF to adequately 
describe Che mobility distribution of your cell populations? 

-I -1 

numbers of cells grouped together in 0.1 n sec V cm 

differences. 


5. What are the highest and lowest absolute mobility values you would wish to 

measure? ionic strength p « 0.15« 

0.50 - 2.00 p sec”^ v"^ cm 


6. What should Che absolute accuracy of each mobility determination be? 

± 0.01 p sec~^ V ^ cm 


7. What is the minimum mobility difference the AAEF should be able to resolve? 

± 0.01 p sec ^ V ^ cm 


8. How rapidly, and at what Intervals, should ti.e electrophoretic characteriza- 
tion described in question 2 be carried out? Is speed of measurement 
Important to you? 

Manually. « 2 hours per 300 readings. Only so as not to result in deteriora tion 
of the sample. 

9. Over what temperature range should Che AAEF be capable of operating? 

20» - 40°C 
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10. Over what range of pH and Ionic strength would you like to operate? 

pH 6.0 - pH 8.0; p ° 0.15 - 0»0 1 

11. Are there any unusual limitations on the types of materials to which your 
samples can be exposed during electrophoresis? 

The requirements of asepti c, non-pyrogenlc cell culture handling techniques . 


12. Would you rather have an apparatus that produced rapid (1 per minute) but 
approximate (± 5Z) mobility spectra or one that was slower (15 minutes per 
determination) but more accurate (± 0.1%)? 

The slower but more accurate apparatus would be preferable. 

13. Do you have any other requirements that should be considered in providing 
specifications for the AAEF? Do you think the development of such an 
Instrument Is worthwhile? Do you have any additional comments? 

With mixed populations of cells, such readings by traditional apparatus 
can be tedious; an AAEF would help. 


Dr. Richard M. Fike • 

Dr. Carel J. van Oss^^V** 

Department of Microbiology 
School ot Medicine 
State University of New York 
at Buffalo 
Buffalo, N.Y. 14214 

Name and address 
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DCPAirrMENT OP ■lOCHKMISTRV 

ALL INDIA INSTITUTE OF MEDICAL SCIENCES 

NEW DELHI. II iN»iA 


Dr. D.L. Brooks, 15th January^ 1976. 

Department of Neuroloqy, 

University of Oregon Health Science Center, 

Portland, Oregon 97201, 

U.5,4. 


Dear Dr. Brooks, 

Enclosed, please findThe specification fora for 
the Automatic Analytical Electrophoresis duly filled by S.N.S* 
Hanjan. Unfortunately due to his preoccupation he could not 
complete th form earlier, but he hopes that this information 
will help you acquaint with the needs of our department. Please 
let us know if you need any other information. 

With best wishes. 


Youra sincerely, 

(Indira Nath^.f|ID) 

Asst. Professor, 
Dept. 


of Biochem. 
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL 
ELECTROPHORESIS FACILITY 


Please provide the values for the parameters given below which would best suit 
your applications. Any comments or additional requirements are welcomed; please 
Include them In response to question 13. 


1. What Is the smallest total sample size (number of cells) that you would wish 
to examine? 

100 f OOP 

2. Kow many individual cell mobility determinations would be required in any 
one suspending medium to electrophoretically characterize the most complex 
population with which you would like to deal? 

Hop 

3. What arc the diameters of the largest and smallest particles you would like 
to examine electrophoretically? 

Z/Ji - 100/^ 

4. What statistical parameters should be provided by the AAEF to adequately 
describe the mobility distribution of your cell populations? 

kfijOu 1 ^ (l'0^± ‘ Ol ^ 


What are the highest and lowest absolute mobility values you would wish to 
measure? 


2-0 




6. What should the absolute accuracy of each mobility determination be? 

7. What is the minimum mobility difference the AAEF should be able to resolve? 

O' !’/*'! 

8. How rapidly, and at what intervals, should the electrophoretic characteriza- 
tion described in question 2 be carried out? Is speed of measurement 
Important to you? 

L iO , ifuX. y ^ 

9. Over what temperature range should the AAEF be capable of operating? 


86 



I 


1 

t 


10« Over what rar.ge of pH and ionic strength would you like to operate? 


11. Are there any unusual limitations on the types of materials to which your 
samples can be exposed during electrophoresis? 

/» 

12. Would you rather have an apparatus that produced rapid (1 per minute) but 
approximate (± 5Z) mobility spectra or one that was slower (15 minutes per 
determination) but more accurate (± O.IZ)? 


lU 


13. 


Do you have any other requirements that should be considered in providing 
specifications for the AAEF? Do you think the development of such an 
Instrument Is worthwhile? Do you have any additional comments? 
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL 
ELECTROPHORESIS FACILITY 


PleMe provide the values for the parameters given below which would best suit 
your applications. Any conaents or additional requirements are welcomed; please 
Include them In response to question 13. 


1. What Is the smallest total sample size (number of cells) that you would wish 
to examine? . ^ 


2. How many Individual cell mobility determinations would be required In any 
one suspending medium to electrophoretlcally characterize the most complex 
population with which you would like to deal? 

^ . ^ ^ 


3. What are the diameters of the largest and smallest particles you would like 
to examine electrophoretlcally? 

At 3*o2im 


A. What statistical parameters should be provided by the AAEF to adequately 
describe the mobility distribution of your cell populations? 


5. What are the highest and lowest absolute mobility values you would wish to 
measure? 

If 


6. What should the absolute accuracy of each mobility determination be? 


7. What is the minimum mobility difference the AAEF should be able to resolve? 

X 


8. How rapidly^ and at what Intervals, should the electrophoretic characteriza- 
tion described in question 2 be carried out? Is speed or measurement 
Important to you? 

9. Over what temperature range should the AAEF be capable of operating? 
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10. Over what range of pH and Ionic strength would you like to operate? 

11. Are there any unusual limitations on the types of materials to which your 
samples can be exposed during electrophoresis? 








12. Would you rather have an apparatus that produced rapid (1 per minute) but 
approx 'joate (i 5%) mobility spectra or one that was slower (IS minutes per 
determination) but more accurate (± 0.1%)? 




Do you have any other requirements that should be considered in providing 
specifications for the AAEF? Do you think the development of such an 
instrument is worthwhile? Do you have any additional comments? 

3c - 
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XS/Ai..i<gi^ 4-4. *er4v444»4Sr <tt ^ *Cm^ ^^4 . 

,<##vA AW4 ^ /»u4 AST /»^a#a4Si ^ ^ A ^ 

fft^UjJbO *t0*Uti * ^ 4C% A-m 

j ^ ^4#us. 

it aAa^pAc H4< 


4j4^UA t-<g^ A 

'/•A^ i S V*** 


Name and address 

AH.'5sAr#t 



OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL 
ELECTROPHORESIS FACILITY 


Pleaae provide the values for the parameters given below which would best suit 
your appHcations. Any comments or additional requirements are welcomed; please 
Include them in response to question 13. 


1. What is the smallest total sample size (number of cells) that you would wish 

to examine? /C o ^ 

2. How many individual cell mobility determinations would be required in any 
one suspending medium to electrophoretlcally characterize the most complex 
population with which you would like to deal? 




3. What are the diameters of the largest and asiallest particles you would like 

to examine electrophoretlcally? 0^0 

oCoJtrr^ 

4. What statistical parameters should be provided by the AAEF to adequately 
describe the mobility distribution of your cell populations? 


5. What are the highest and lowest absolute mobility values you would wish to 
measure? 

h >* 7 . 

6. What should the absolute accuracy of each mobility determination be? 


7. What is the sdnlmum mobility difference the AAEF should be able to resolve? 

0‘D7 . 


8. How rapidly, and at what Intervals, should the electrophoretic characteriza- 
tion described in question 2 be carried out? Is speed of measurement 
Important to you? 

rfo 


Over what temperature range should the AAEF be capable of oper.: *ing? 


9. 


Ni 


10. Over what range of pH and ionic strength would you like to operate? ^ 

fo ^ /o /f 

11. Are there any unusual limitations on the types of materials to which your 
samples can be exposed during electrophoresis? 

^ ^ P 0< CcJ^^ , 


12. Would you rather have an apparatus that produced rapid (1 per minute) but 
approximate (± 5%) mobility spectra or one that was slower (15 minutes per 
determination) but more accurate (± 0.1%)? 


13. Do you have any other requirements that should be considered in providing 
specifications for the AAEF? Do you think the development of such an 
Instrumeiit Is worthwhile? Do you have any additional comments? 




Jja. / S 'N'ri^e'S 

P/tP5 IS A-CV 

llrl /^S'lorM' (M 

Name and address 

k-4- •‘=^ ' 
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OPKBATIMG SPECIFICATIONS FOR AN ADTOKATED ANALYTICAL 
ELBCTBOPBORESIS FACILITY 


provld* thft VAluM for the paraMters given below whl^ would beat auit 
pour i^llcatlona. huf c o— en ta or additional requlrtBenta are welconed; pleeae 
s*>f..ude then In reaponae to queatlon 13. 


]. Nhat la ’ ^ aaalleii total aanple aixe (ntaaber of cella) that you would wish 
to exMine? ^ . 


2. How aany Individual cell nobility detezninationa would be required In any 
one suspending nedlua to electrophoretically characterise the aoat conplex 
population with which you would like to deal? 


3. What are the dlaaieters of the largest and analleat particles you would like 
to exanlne electrofdioretically? 


4. What statistical paraneters should be provided by the AAEF to adequately 
describe the nobility distribution of your cell populations? 


5. Nhat are the highest and lowest absolute nobility values you would wish to 
neasure? 


6. What should the absolute accuracy of each nobility deteminatlon be? 


7. What is the nlninun nobility difference the AAEF should be able to resolve? 


8. How rapidly, and at what intervals, should the electrophoretic characteriza*- 
tion described in question 2 be carried out? Is speed of neasurenent 
Inportant to you? 


9 


Over what teiq>eratura range should the AAEF be capable of operating? 



10. Ovmt what range of {A and Ionic strength would you like to operate? 


11. Are there any unusual linltatlons on the types of naterials to which your 
sallies can be eiqtosed during electrophoresis? 


12. Would you rather have an apparatus that produced rapid (1 per minute) but 
approximate (± SZ) mobility spectra or one that was slower (15 minutes per 
determination) but more accurate (± O.IZ)? 


13. Do you have any other requirements that should be considered in providing 
specifications for the AAEF? Do you think the development of such an 
instrument is worthwhile? Do you have any additional comments? 


/I'.jc , 

■ ' i - r-.CfCCi 


L 


' tv.-cX- 




/r/a^p\y 


Name and address 


ChiT Ref tIMH/AR 


PhanMeeutieel Seiwoee LeboratoTies 
oepAnmeNT of fha/nmcy 

NINEWELLS HOSPITAL 

DUNDEE D02 1UB 

m038260t11 


AIRMAIL 


Rr D B Brooke 
Beparteeat of Neurology 
Unirersity of Oregon Health 
Seieneee Center 
PORTLAND 
Oregon 97201 
USA 


8 Deoeaiber 1975 


Dear Dr Brooke 

Thank you for your letter of 24 NoTMber to our reeearch 
student Mr Donald. 

We have discusaed your questionnaire with Dr Hutchineon 
and have pleasure in enclosing our replies. 

Tours sincerely 




\siA 


Dr T M MfwLeod 


M 03 W*J rj 


OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL 
ELECTROPHORESIS FACILITY 




Please provide the values for the pemetera given below which would best suit 
your applications. Any coanents or additional requirements are welcomed; please 
Include them in response to question 13. 


1 . 


Nhat is the smallest total sample size (nundter of cells) that you would wish 
to examine? 

_____ 50 


2. How many individual cell mobility determinations would be required in any 
one suspending medium to electrophoretically characterize the most co^>lcx 
population with which you would like to deal? 


100 


3. Hhat are the diameters of the largest and smallest particles you would like 
to examine electrophoretically? 

^ - 

4. What statistical parameters should be provided by the AAEF to adequately 
describe the mobility distribution of your cell populations? 

Modality i.e. Histogram. 

Mean - SD of each mode. 


5. What are the highest and lowest absolute mobility values you would wish to 

measure? 0.6 x 10“^ cm^ v”^ sec“^ (5.6 secs) 

2.4 I lO”^ cm V se c (1.4 sees) 

6. What should the absolute accuracy of each mobility determination be? 

Mean ~ 0.03 x lO”^ cm^ v“^ aec”^ 

i.e. = 3^ 

7. What is the minimum mobility difference the AAEF should be able to resolve? 

« ,^-4 2 -1 -1 

0.01 X 10 cm T see 

8. How rapidly, and at \d\at intervals, should the electrophoretic characteriza- 
tion described in question 2 be carried out? Is speed of measurement 
important to you? 

^ 30 min. Preferably 15 min. Yes. 

9. Over what temperature rai^e should the AAEF be capable of operating? 

18®C - 25®C 


96 



10. Over whet range of pH end ionic strength would you like to operate? 


I 

e 


pg 7.0 - 7.4. Physiolodenl. 

Are there any unusual liaitationa on the types of aaterlale to which your 
saaples can be exposed during electrophoresis? 

Ho 


Would you rather have an apparatus that produced rapid (1 per ninute) but 
approxlnate (± 5Z) nobility spectra or one that was slower (15 minutes per 
determination) but more accurate (± O.lZ)? 




Slower and more accurate. 

13. Do you have any other requirements that should be considered in providing 
specifications for the AAEF? Do you think the development of such an 
instrument is worthwhile? Do you have any additional comments? 


Possibility of video recording. 

Histogram display. 

Use of the instrument as a means of separating 

cell populations. I 

i 

] 


Dr T M MacLeod 

Pharmaceutical Soienees Laboratories 
Ninewells Hospital 

DUHDEE, Scotland. 


8 December 1973. 


Hama and address 


I 
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DEPARTMENT OF PATHOLOGY 

The Memorial Hospital 

Pawtucket, Rhode Island 02860 • 401-722-6000 
R.Q. Mason, M.D., Ph.D. J.W. Jhung, M.D. 

T.S. Micolonghi, M.D. F.P. Roland, M.D. 

J.T. Kurtis, M.D. J. Katz, Ph.D. 

Vzcmbzfi 3, 1975 



A BROWN UNIVERSITY I I 
AFFILIATED HOSPITAL f 





V.E. BnaoftA, ?h.V. 

VqxVLtntnt U&uJu>logy 
Unlve/u^Uif 0 ^ Oregon 
Health Sciences CenteA. 

VoHtland, Ofiegon 97101 

VeoA Vk, Bnookii 

AtCftougfe I am a mmbeA oi the. USKA comUttee., I do not ouUixUpate. 
conducting elcctnophoAetic zxpeAxment6 tn 4poce. UcveAtkzltiA, ti I 
mjic to gene/uxtc AueoAch pAojectA In the iutuAc that might be caAAied 
out in Apace, 7 imagine they uiould involve etectAophoACAiA o£ endo- 
thcUal cellA oA blood platetetA. foA my own neeiA, I loould imagine an 
etectAophoAeAiA appoAotuA that taould meoAuAe electAophoAetic mobility 
oi zAythMcyteA and kidney ceZlA would ceAtainly be adequate ioA my 
needA. 7 iind it diiiicjult to onAWeA moAt oi ine otheA queAtionA that 
you have poAed, Aince 7 do not have Apediic expenimentA in mind. The 
AloweA but moAe accuAote appoAotuA would appeoA dcAiAabte to me. It 
would tUtely be deAiAobte to be able to meoAuAe pH oveA a Aonge oi 
6 to 11. 

7 am aiAoid that 7 am not going to be oi much help to you in youA 
wofUi, but thiA iA the beAt 7 con do. 

Could you OA Geoii Aend me a bAochuAe on the Rank bAotheu electAo 
phoAetic appoAotuA with loAeA liaht AouAce? Oua AeAeoAch gAoup will 
likely wiAh to puAchoAe one oi ineAe in the neoA iutuAC. 7 undeAAtand 
that they oAe available only ^^m Rank and muAt be oAdeAed iAom them 
in Engltmd. Ja thiA coAAectI 

SinceAely youAA, 



RGH/emg 



Reginald G. UoAon, K.V., Ph.V. 
PathologiAt-in-Chlei 




ACADEMISCH ZIEKENHUIS GRONINGEN 

NEUROLOGISCHE KLINIEK TILEFOON 050-I59I2S 

Toestel 2410 


Prof. Dr. J. M. Minderhoud 
tocstol 2450 


GRONINGEN. December 15, 1975. 

OoMisIngtl 59 


Prof. Dr. J. Droogleever Fortuyn 
toestel 2400 

Dr. I P. W. F. Ukkc 
toestel 2455 

Drs. A. E. J. de Jager 
toestel 2410 t n LM7b 

POIIKLINIEK volwassencn 

Drs. H. Leenstra-Borsje 
toestel 2447 en 2449 

Nieuwe patienten 
volgens afspraak 
toestel 2447 


r “I 

Dr. D.E. Brooks 

Department of Neurology 

University of Oregon Health Sciences 

Center 

^ Portland, Oregon 9720" 

U.S.A. 

Dear Dr. Brooks, 


ContrOle pati<^nten 
volgens afspraak 
toestel 2446 

KtNDERNEUROLOGlE 

Drs. R. le Coultre 
toestel 2172 

Drs. J. H. Begeer 
toestel 2172 

Poliklinlek volgens afspraak 
toestel 2445 


In answer to your letter of November 24, 1975, about 
the electrophoretic separation of biological materials: 

We worked with the Zeiss cytppherometer for some time 
in Newcastle, but now, about three years afterwards, 
we stopped this research because tliis method proved 
to be too difficult and too ccoplex for the immunological 
research. So I am sorry to say that I can not give you 
EUiswers to your question. 


E.E.G./E.M.C. 

Dr. S. Boonstra 
toestel 2425 en 2428 

Drs. T, W. van Weerden 
toestel 2599 

NEURO - RADIOLOGIE 

Drs. J. M. Rodermond 
toestel 2651 en 2578 


Yours sincerely, 



NEURO - PSYCHOLOGIE 

Dr. B. G. Deelman 
toestel 2408 

NEURO * BIOCHEMIE 

Df. A. W. Teelkcn 
toestel 2647 
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Jh% Unlvtrtity of Nottingham 



Departmmt d Medicim 
General Hospital 
Nottingham 
NGI 6HA 


From PROFESSOR J. R. A. MITCHELL 
Toiephon* 46161 (STD 0602) 

Extamlon $44 


JRAM/MHJ 


1st Decenber, 1975. 


Dear Doctor Brooks, 

Thank you for your letter about the possibility of developing a machine 
to provide accurate automated electrophoretic mobility measurements. Mv 
g roup would indeed be very interested in these dewlooments and ny co-worker 
n^.eid^ IJ^ctor J. R. Hampton, has completed your questionnaire. He 
will reply for both of us but I felt that you would wish to know that we are 
very interested in the outcome of your programme. 


Yours sincerely, 

0. R. A. Mitchell, 
Professor of Medicine. 

Dr. D. E. Brooks, 

Department of Neurology, 

University of Oregon Health Sciences Centre, 
Portland, 

Oregon 97201, 

USA. 
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL 
ELECTROPHORESIS FACILITY 


Please provide the values for the parameters given below which would best Mit 
your applications. Any comments or additional requirements are welcomed; please 
include thos in response to question 13. 


1. What is the smallest ^total sample size (number of cells) that you would wish 

to Pug III- - Utvw^ A.V 

^ "V T.OCjCX.c P-Ji, ' 

2. How many individual cell mobility determinations would be required in any 
one suspending medium to electrophoretlcally characterize the most complex 
population with which you would like to deal? 


3. iftiat are the diameters of the largest and smallest particles you would like 
to examine electrophoretlcally? 


4. What statistical parameters should be provided by the AAEF to adequately 
describe the mobility distribution of your cell populations? 


5. What are the highest and lowest absolute mobility values you would wish to 

measure? . . , o 

I / C^c /l' / (:^c^ Cc ‘7, 


6. What should the absolute accuracy of each mobility determination be? 

11 

7. What is the minimum mobility difference the AAEF should be able to resolve? 

31 

8. How rapidly, and at what Intervals, should the electrophoretic characteriza- 
tion described in question 2 be carried out? Is speed of measurement 
Important to you? 

9. Over what temperature range should the AAEF be capable of operating? 

ar-yT'c. 
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10. Over whet range of pH and ionic strength would you like to operate? 

pif 6 __ 


11. Are there any unusual limitations on the types of materials to which your 
samples can be exposed during electrophoresis? , 

c.^ d4uu.^xc ^ 


tUc^C CAlh IcUt ^.cU-^cct — 

12. Would you rather have an apparatus that produced rapid (1 per minute) but 
approximate (± 5Z) mobility spectra or one that was slower (IS minutes per 
determination) but more accurate (± O.n)? 

^ ^JLtcC^Cv> U"t 

7^ 

13. Do you have any other requirements that should be considered In providing * 

specifications for the AAEF? Do you think the development of such an 
Instmment Is worthwhile? Do you have any additional comments? 




-4(!yLK\.4-^ 


JUi, <2.'^ 


^ ^ ♦ 


l-^V' 




jr>-k 


|Cl>v> \<u - 






Name and address 




^4'V7 /vsT^ ® 

e>\ e\ .n, rtx. w’.T/n-_ I 
A,t CT( K-t, ftyVi-i 

P A ' C, ^ ■ 
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OPEBATING SPECIFICATIONS FOR AN AUTOHATED ANALYTICAL 
ELECTROPHORESIS FACILITY 


Please provide the values for the parsneters given below which would best suit 
your applications. Any coonents or additional requlrsBents are welcoaed; please 
Include them In response to question 13. 


1. What Is the smallest total sample size (number of cells) that you would wish 

to examine? . ^ 

m Fe^ 4t 

2. How many Individual cell mobility determinations would be required In any 
one suspending medium to electrophoretlcally characterize the most cosqplex 
population with which you would like to deal? 

ZOO'S 


3. What are the diameters of the largest and smallest particles you would like 
to examine electrophoretlcally? 

/ - 

4. What statistical parameters should be provided by the AAEF to adequately 
describe the mobility distribution of your cell populations? 






5. What are the highest and lowest absolute mobility values you would wish to 
measure? 

-Zdr. r< gg.fi^o, AVfcV /or 

6. What should the absolute accuracy of each mobility deteradnatlon be? 


7. What is the minimum mobility difference the AAEF should be able to resolve? 

/0 % j! ***^^ 

8. How rapidly, and at what intervals, should the electrophoretic charecteriza- 
tion described In question 2 be carried out? Is speed of measurement 
important to you? 

'fre. > 

. Over what temperature range should the A/iEF be capable of operating? 

ft-r fc . 


9 




10. Over' what range of pH and Ionic strength would you like to operate? 

o>(i% a 

11. Are there any unusual limitations on the typks of materials to which your 
samples can be exposed during electrophoresis? 

fi*4xr “Tc Ao4.cc%ic/ti. 

70/t T T * 

12. Would you rather have an apparatus that produced rapid (1 per minute) but 
approximate (± SZ) mobility spectra or one that was slower (IS minutes per 
determination) but more accurate (± O.IZ)? 

13. Do you have any other requirements that should be considered in providing 
specifications for the AAEF? Do you think the development of such an 
instrument is worthwhile? Do you have any additional comments? 


rv COf^f4ecT/o^__ — 

^f^ilS£s2J£L§Lmm 

U^ou^rN Am Arf 


Ui7ft HeM 

Suc^ ^ 


AH e r- 






John L. Moore 
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OPERATING SPECIFICATIONS FOR AN AUTOHATED ANALYTICAL 
ELECTROPHORESIS FACILITY 

Pl«Me provld* the values for the peraneters given below which would best suit 
your eppllcetlons. Any coasaents or additional requirements ere welcomed; please 
Include them In response to question 13 « 

1. What Is the smallest total sasiple sise (number of cells) that you would wish 
to examine? ^ a 


2. How many Individual cell moblMty determinations would be required In any 
one suspending medium to electrophoretically characterise the most complex 
population with which you would like to deal? 


3« What are the diameters of the largest and smallest particles you would like 
to examine electrophoretically? 



4. What statistical parameters should be provided by the AAEF to adequately 
describe the mobility distribution of your cell populations? 



5. What are the highest and lowest absolute aioblllty values you would wish to 
measure? 


6. What should the absolute accuracy of each mobility determination be? 

t !%. 


7. What Is the minimum nobility difference the AAEF should be nble to resolve? 




8. How rapidly, and at what intervals, should the electrophoretic characterisa- 
tion described in question 2 be carried out? Is speed of measurement 
important to you? 




Sa I a 


9. Over what temperature range should the AAEF be capable of operating? 

— ^7‘c . 


lOS 



10. Over whet reoge of ^ and ionic strength would you like to operate? 

l t. O x. - 

11. Are there any unusual limitations on the types of materials to which your 
sanples can be exposed during electrophoresis? 

[\^ J AaqJ" AaP out^ 


12 . 




Wbuld you rather have an apparatus that produced rapid (1 per alnute) but 
approximate (± 5Z) mobility spectra or one that was slower (15 minutes per 
detemination) but more accurate (± O.IZ)? 

<S -f OtLJ^W~ M,C>vjg g CCaojs/vXjl • 

13. Do you have any other requirements that should be considered in providing 
specifications for the AAEF? Do you think the development of such an 
instnnaent is worthwhile? Do you have any additional conwwnts? 

-tA jl a ^ Adjau a tc 

c(xflitcO<^ G. >fc \Jr ^ ^ Ja^ ' wq( " 

JU LS>Vk'ci yv^ucc ^^iLpxJL£ lsL. 

at Cccvtc-(x Ji Lj cXj(v j-{KjLO j^i\^ 


«PP00RqUaliiy 
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Ctu 

Pr^cA^cj^ 'PtuyHCA/>i '' 
Name and address 


RucX^icrt^*Jixt^ 6lwUv^^ 
f^j-iripjiJlJi ^imci . 
?A\STDU 


UK. 



OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL 
ELECTROPHORESIS FACILITY 


P1«MC provide the velues for the peraeeters given belov which would beet suit 
your epplicetions. Any co— cn ts or edditlonel requireaents ere weleoaed; pleeee 
include thoi in response to question 13. 


1. What is the seallest total saaple sise (nuaber of cells) that you would wish 
to exaalne? 

2. How many individual cell mobility determinations would be required in any 
one suspending aedlum to electrophoretlcally characterise the aost coi^lex 
postulation with idilch you would like to deal? 


3. What are the diaaeters of the largest and smallest particles you would like 
to examine electrophoretlcally? 


^ Jit'S 


4. What statistical paraaeters should be provided by the AAEF to adequately 
describe the nobility distribution of your cell populations? 

Cfccu4UAet4«6 






5. What are the highest and lowest absolute mobility values you would wish to 

measure? ^ •^ 0 ^ 


6. Miat should the absolute accuracy of each mobility determination be? 

t ay. 

7. What is the minimum mobility difference the AAEF should be able to resolve? 

r4 

8. How rapidly, and at vhat Intervals, should Che electrophoretic characterisa- 
tion described in question 2 be carried out? Is speed of measurement 
Important to you? 

9. Over what temperature range should the AAEF be capable of operating? 

n>- 50* C. 
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10. Over whet renge of pH end ionic strength would you like to operete? 

. O.OIH A O.IS' 


11. Are there any unusual llnltatlons on the types of materials to which your 
samples can be exposed during electrophoresis? 

aI* r CfcAA L Ct^ ') 

12. Would you rather have an apparatus that produced rapid (1 per minute) but 
approximate (± 5Z) mobility spectra or one that was slower (15 minutes per 
determination) but more accurate (± O.IZ)? 

yu a^ccMAgik , 

13. Do you have any other requirements that should be considered In providing 
specifications for the AAEF? Do you think the development of such an 
Instrument Is worthwhile? Do you have any additional connents? 

Uck /c. 

; * /2m »i^'*eA<»n, 

/ ^y^U.tMAAXt 






Name and address 
b w ^ rv j 


y ^ 


Name and address ^ . 

a/aJ SAjW <3^ye, 

3/0 e 


Myc., aJ. V. 
too a./ 
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OPERATING SPECIFICATKWS FOR AN AUT(»fATED ANALYTICAL 
ELECTROPHORESIS FACILITY 


Please provide the values for the paranetera given below which would best suit 
your applications. Any coHients or additional requirsaents are welcoaed; please 
Include then in response to question 13. 

1. What is the smallest total sample size (nud>er of cells) that you would wish 
to examine? . 


2. How many individual cell mobility determinations would be required In any 
one suspending medium to electrophoretlcally characterize the most complex 
population with which you would like to deal? 


3. Uhat are the diameters of the largest and smallest particles you would like 
to examine electrophoretlcally? 


What statistical parameters should be provided by the AAEF to adequately 
describe the mobility distribution of your cell populations? 


mean electrophoretic mobility of eoch populotion^os defined bv^oussion 

5. What are the highest and lowest absolute aioblllty values you would wish to 
measure? 

expressed in^m.sec. ^cm 0.2fl - 

6. What should the absolute accuracy of each mobility determination be? 

The mobility of human red cells is taken 

. 99 

os control reference test ^ 

7. What is the mininnim mobility difference the AAEF should be able to resolve? 


b. How rapidly, and at what Intervals, should the electrophoretic characteriza- 
tion described in question 2 be carried out? Is speed of measurement 
Important to you? 


9. Over what temperature range should the AAEF be capable of operating? 
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> 


10. Over what range of pH and Ionic strength would you like to operate? 

PH-Z.2 N .oi: U, U5. M . q mi/a.Lfl ■ 1 68 M 

11. Are there any unusual limitations on the types of materials to which your 
sample? can be exposed during electrophoresis? 

LLm 


12. Would you rather have an apparatus that produced rapid (1 per minute) but 
approximate (± 5Z) mobility spectra or one that was slower (15 minutes per 
determlnati m) but more accurate (± O.IZ)? 

Both possibilities 

13. Do you have any other requirements that should be considered in providing 
specifications for the AAEF? Do you think the development of such an 
Instrument i.s worthwhile? Do you have any additional comments? 

Iwould be-ver y obliged to you if you could give me more lnfQijnfliiQJi&. 
about theopgarot^us^ his price _qnd_gygllobilitv. 



Dr. D. SABOLOVIC 


I. N. S. E. R. M. 

Un t6 de Cancerologie Experimentale 
et de Radiobiologie - U 95 
Plateau de Brabois 
54500 VANDOEUVRE (France) 

T61. 55.52.01 


Name and address 
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OPERATING SPECIFICATIONS FOR AN AUTOHATED ANALYTICAL 
ELECTROPHORESIS FACILITY 


Please provide the values for the parameters given below which would best suit 
your applications. Any comments or additional requirements are welcomed; please 
include them In response to question 13. 


1. Nhat Is the smallest total sample size (number of cells) that you would wish 

to examine? r 

lO^ 

2. How many Individual cell mobility determinations would be required In any 
one suspending medium to electrophoretlcally characterize the most complex 
population with which you would like to deal? 

cxjls 

3. What are the diameters of the largest and smallest particles you would like 
to examine electrophoretlcally? 

fx 0, / 

4. What statistical parameters should be provided by the AAEF to adequately 
describe the mobility distribution of your cell populations? 






5. What are the highest and lowest absolute mobility values you would wish to 
measure? 

^ 0.2 3 Cl 


6. What should the absolute accuracy of each mobility determination be? 

tr/. 

7. What Is the minimum mobility difference the AAEF should be able to resolve? 

0^0 ! jX' ' \f C >vy_- 

8. How rapidly, and at what intervals, should the electrophoretic characteriza- 
tion described In question 2 be carried out? Is speed of measurement 
Important to you? 


(p.Cf ^ ' At /T-IKSUZ-A u> TUC'^T ^ 

9. Over what temperature range should the AAEF be capable of operating? 

C>"C ^ 
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10. Over what range of pH and Ionic strength would you like to operate? 

7.C f.g 

11. Are there any unustial limitations on the types of materials to which your 
samples can be exposed during electrophoresis? 


12. Would you rather have an apparatus that produced rapid (1 per minute) but 
approximate (± 5Z) mobility spectra or one that was slower (15 minutes per 
determination) but more accurate (± 0.1%)? 


/K //tU 


1 1 y, % 0 y,') w- 


13. Do you have any other requirements that should be considered in providing 
specifications for the AAEF? Do you think the development of such an 
Instrument is worthwhile? Do you have any additional comments? 








CHIKAKO SATO. M.D. 

0»' iiXPEKiME.'n'AL RADIOLOGY 
AICni CANCER CENTER 
Ki'SEARCif INSTITUTE 
rn'.!.USA K'J NAGOYA JAPAN 

Name and address 
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL 
ELECTROPHORESIS FACILITY 


Please provide the values for the parameters given below which would best suit 
your applications. Any cooments or additional requirements are welcomed; please 
Include them In response to question 13. 


1. What Is the smallest total sample size (number of cells) that you would wish 
to examine? > 

10^ cells should be available In the sample 


2. How many Individual cell mobility determinations would be required In any 
one suspending medium to electrophoretlcally characterize the most complex 
population with which you would like to deal? 

500-1000 Individual cell mobility determinations 

3. What are the diameters of the largest and smallest particles you would Him 
to examine electrophoretlcally? 

0.5 ym to 30 ym diameter 

4. What statistical parameters should be provided by the AAEF to adequately 
describe the mobility distribution of your cell populations? 

mean, mode, standard deviation, no. of Individual measurements. 


histogram plotting capability 


5. What are the highest and lowest absolute mobility values you would wish to 
measure? 

0.1 vm/sec/v/cm to 5.0 pm/sec/v/cm 


b. What should the absolute accuracy of each mobility determination be? 

0.03 pm/sec/v/cm 


7. What is the minimum mobility difference the AAEF should be able to resolve? 

0.10 pm/sec/v/cm 


8. How rapidly, and at what intervals, should the electrophoretic character Izs'- 
tlon described in question 2 be carried out? Is speed of measurement 

important to you? ^ fast as possible say 50 Individual cell mobility 
determinations per minute. Speed of measurement is Important because of 
time dependent changes in mobility. 


9. Over what temperature range should the AAEF be capable of operating? 






10. Over what range of pH and Ionic strength would you like to operate? 

pH 1.0-12.0 unl-unlvalent Ion 
concentration range 1.0 h - U.OOl H 

11. Are there any unusual limitations on the types of mater iala to which your 
samples can be exposed during electrophoresis? 

Surface should be non-adheslve to biological cells and not produce 


activation of biological systems eg. platelets. 


12. Would you rather have an apparatus that produced rapid (1 per minute) but 
approximate (± 5 %) mobility spectra or one that was slower (15 minutes per 
determination) but more accurate (± O.IZ)? 

Slower but more accurate 


13. Do you have any other requirements that should be considered in providing 
specifications for the AAEF? Do you think the development of such an 
Instrument Is worthwhile? Do you have any additional comments? 


The development of such an instrument would be Invaluable In aevaral area.s 
including (1) the electroklnetic characterization of lymphocyte subpopulations « 
(2) documentation of the electrophoretic behavior of blood platelets on 
exposure to a variety of pharmpceutlcal agents. Studies Involving platelets 
have been difficult to impossible because of time dependent changes In their 
electrophoretic mobility, and (3) kinetic studies of cellular growth rates, 
cell cycle changes and regeneration of modified cell surfaces of cultured 
or isolated biological cells by electrophoretic means. 



G.V.F. Seaman 
Department of Neurology 

University of Oregon Health Sciences Center 
Portland, Oregon 97201 


llA 



At the moment I am no longer engaged In Investigations using cell 
electrophoresis. Therefore I can only make suggestions from my 
previous experiences with preparative eleotrophoretie separation 
using the apparatus of Hannlg and Zelller. From these I would like 
to make the following remarks: 

The main question is whether or not electrophoretic mobility values 
can be correlated to biological properties. Therefore the use of ana> 
lytical cell electrophoresis seems to be only worthwhile tdien well 
defined cell suspensions or cells separated by other separation methods 
are checked whether they are homogenous or not. The effort should bt; to 
develop further the preparative facilities. Analytical methods could then 
be used to decide whether or not a preparative electrophoretic separation 
would be worthwhile or not. 




Dr.n^. GUnther 
Unl>^ Ulra 
Centdr of Basic Clinical Research 
Dept. Clinical Physiologie 
Parstr. 10-11 
79 U 1 m , West Gerraamy 


new address Dr.med. GUnther Stein 

II. Frauenkllnik der 
(JniversltSt MUnohen 
Lindwurmstrasse 2 
8 MUnchen. Gerauiny 
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centre regional de transfusion sanguine et d’h6matologie 




DtMCTEUR PROFESSEUR F STREIFF 


N.R.: CG/75518 


Dr D.E. BROOKS 
Department of Neurology 
University of Oregon Health Sciences 
Center 

Portland, Oregon 97201 


December 06, 1975 


Dear Doctor BROOKS, 


Thank you for your letter of November 24th concerning 
liquid phase electrophoresis, V our idea seems very i nteresting to me 
and 1 send you back the f orm ouly filled. 

I shall very. interested by the r esult of vnur inonirv unH 
should like to know the position of the NASA. 

Remaining at your disposal for any questions you would 
like to ask me. 

Sincerely Yours. 


Dr J.F. STOLTZ 



• TtLt^HONE > 2 . 80. §4 ■ 52.10.87 • 88.80.07 
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Centre Hospitalier Regional oe Nancy 

W, Av«n«« M«r4«lMl 4m l«ttr» 4m T«Mtfwy,29 
C«M •Nici«N« N* 194 >4037 N«i<y Cm4mm 

TtL. ; 24.«9.l» • 24.00.34 
(lionti flreuptM) 

Pottt 472 

Nancy, 8 D^cembre 1975 

Dr D.E. BROOKS 

Department of Neurology 

University of Bregon Health Sciences Center 

PORTLAND, Oregon 97201 


ttSYICI 

M iIanimation 

PROreSSEUR A. URCAN 


s 


I 



Dear Doctor Brooks, 

I received your very interesting letter concerning the 
apparatus for the st-jdy of electrophoretic mobility of blood components. 



You had sent the same letter to n\y coworker M. STOLTZ. I quite 
agree with the terms of his answer. However, if you desire th?' I also 
complete the specification forms, please tell it to me, but I shall 
answer strictly in the same way as M. STOLTZ. Therefore, will you consider 
thet Dr Stoltz's answer has been made in his name and In niy own name. 


Yours sincerely 


/ 

Professeor A. LARCAN / 
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL 
ELECTROPHORESIS FACILITY 


Please provide the values for the parameters given below which would best suit 
your applications. Any comments or additional requirements are welcomed; please 
include them in response to question 13. 


1. What is the smallest total sample size (number of cells) that you would wish 
to examine? .. . 

volume OjStolcc N“5 000 cell#/’ ml 


2. How many individual cell mobility determinations would be required in any 
one suspending medium to electrophoretically characterize the mqst complex 
population with which you would like to deal?*) *00 suspension of one tyv< 

b) 500 to 1000 if several popul 


3. What are the diameters of the largest and smallest particles you would like 
to examine electrophoretically? 

In - 20 

4. What statistical parameters should be provided by the AAEF to adequately 
describe the mobility distribution of your cell populations? 

Mobility distribution curve 


5. What are the highest and lowest absolute mobility values you would wish to 
measure? 

0,4^/8/V/cm - 3yU /s/V/cm 

6. What should the absolute accuracy of each mobility determination be? 

0,01 - 0.02/i/s/V/cm 

7. What is the minimum mobility difference the AAEF should be able to resolve? 

0,05^ /s/ v /cm 

8. How rapidly, and at what Intervals, should the electrophoretic character:'.za- 
tlon described in question 2 be carried out? Is speed of measurement 
Important to you? 

Rapidity (10^) for case q)and I' for case 0 

The s jised i s import a nt for kin a tic m aa sur e s w nt s — ■ ■■ — - 

9. Over what temperature range should the AAEF be capable of operating? 


cell 


0' - 40* 




i: 

i; 

i: 

i. 

r. 

i; 

i; 

i; 

i; 

I; 

i; 


13. 


\ 


I 


i 


/ 


Over what range of pH and Ionic atrength would you like to 

2 <pH < II 
O.OKK 0, 


operate? 

2 


Are there any unuaual llnltatlona on the typea of materiala to which your 
aamplea can be expoaed during electrophoreala? 




Would you rather have an apparatus that produced rapid (1 per nlnute) but 
approximate (± SZ) mobility spectra or one that was slower (15 minutes per 
determination) but more accurate (± 0.1%)? 

between both I ! Precision * I % - Time 3_to 5 minute 

Do you have any other requirements that should be considered In providing 
specifications for the AAEF? Do you think the development of such an 
instrua^nt Is worthwhile? Do you have any additional comments? 


Dr J.F. STOLTZ 

Chairman of Hemorheology research 
Laboratory 

Centre Regional da Transfusion Sanguine 
Bureau de Poste de Brabois 
Route Nationale 74 

54500 - VANDOEUVRE-LES-NANCY France 
Name and addresa 


H 
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL 
ELECTROPHORESIS FACILITY 


I 



Please provide the values for the parameters given below which would best suit 
your applications. Any cooments or additional requirements are welcomed; please 
Include them In response to question 13. 


1. What Is the smallest total sample size (number of cells) that you would wish 

to examine? e 

10 ^ 


2. How many Individual cell mobility determinations would be required In any 
one suspending medium tr electrophoretlcally characterize the most complex 
population with which yuu would like to deal? 


) 

i 

I 


1 


\ 

i 

% 


"I 




I! 

j 


3e What <rre the diameters of the largest and smallest particles you would like 
to examine electrophoretlcally? 


1.0 }m - 50 fm 


4. What statistical parameters should be provided by the AAEF to adequately 
describe the mobility distribution of your cell populations? 

If microscopic method: complete parabola fit with S.D.s of all coefficients 
If las er-doppler Method: freque^xy peak heights , widths , and areas plus gr^hics 
If bulk method optical scan transformed to cell number or mass, peak widths , 
heights, areas, graphics. 


5. What are the highest and lowest absolute mobility values you would wish to 
measure? 


0.00 - 4-00 pm-cm/V-sec 


6. What should the absolute accuracy of each mobility determination be? 

Accuracy 5% 

Precision 1% ■ ■ — 

7. What is the minimum mobility difference the AAEF should be able to resolve? 

37o> 5% 

or about 0,04 pm-cm/V-sec 

8» How rapidly, and at what intervals, should the electrophoretic characteriza- 
tion described in question 2 be carried out? Is speed of measurement 
important to you? 

15 min or less per measurement. Sometimes th ^* is important. 

9. Over what temperature range should the AAEF be capable of operating? 

l^C - 45^C 



1 
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10. Over whet range of pH and ionic strength would you like to operate? 

n 

pH 1.0 - 10.0, 72 = O.OOl - 0.20 


11. Are there any unusual lijnitations on the types of materials to which your 
samples can be exposed during electrophoresis? 

Exposure to neutral polymers in solution should be optional and unnecessar y. 

Polyvalent electrolysis products should be avoided. 


12. Would you rather have an apparatus that produced rapid (1 per minute) but 
approximate (± 5Z) mobility spectra or one that was slower (15 minutes per 
determination) but more accurate (± O.IZ)? 

Both options should be available, depending upon the application. 


13. Do you have any other requirements that should be considered in providing 
specifications for the AAEF? Do you think the development of such an 
Instrument is worthwhile? Do you have any additional comments? 

The problem of detecting, small electrophoretic subnopulatlons of particles 
is an important one; therefore, it is important to rapidl y determine the 
mobilities of large nvaiJi>ers-_of paxtifiles. There must be low noise and 
population distribution widths that do not for any technical reason exceed 
those that are determined by nature. If the facility will be very expensive to 
build an early start should be made on the development of a broadlybased 
user program with clearly-defined user policies and some indication from the 
granting agencies that travel funds will be available to investigators whose 
projects include use of the facility. I'll be glad to contribute whatever 
knowledge I can from my experience with users groups. 


Paul Todd 

618 Life Sciences Building 
University Park, Pennsylvania 16802 


Name and address 
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Glaxo 

Glaxo Research Ltd, Sefton Park. Stoke Poges, SL2 4DZ 


Telephone; Fulmer 2121 
Registered Offices: 
Gteenford, Middlesex 


5th December 1975 


Please address reply to: 
Mr E.G. Tomich 


Dr D.E. Brooks 
Department of Neurology 

University of Oregon Health Sciences Center 

Portland 

Oregon 97201 

USA 


Dear Dr Brooks, 

Thank you for your letter of November 24. 

I have answered your questionnaire as fully as possible, 
but you will see that my eacperience in electrophoretic mobility 
studies is limited to mammalian platelets. However, because of 
the leading role played by platelets in the initial stage of 
the aetiology of arterial thrombogenesis, interest in platelet 
behaviour is world-wide and increasing very rapidly. 

I firmD.y believe that, when an effective ant itliromb otic 
agent is found and unequivocably confirmed clinically, its mode 
of action will be found to depend on tne nature and degree of 
the electric charges it produces on the platelet membrane 
(direct or mediated through some blood component) and/or on 
the damaged endothelium. 

Hoping that my answers will be of some assistance to you, 

I am, 

Yours sincerely, 






E.G. Tomich, B.Sc., P.R.I.C., 
P. I. Biol. 
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL 
ELECTROPHORESIS FACILITY 


Please provide the alues for the parameters given below which would best suit 
your applications. Any comments or additional requlraaents are welcomed; please 
include thma in response to question 13. 

1. What is the smallest total sample size (number of cells) that you would wish 
to examine? 


2. How many individual cell mobility determinations would be required in any 

one suspending medium to electrophoretlcally characterize the most complex 
population with which you would like to deal? _ . ^ ^ . 

%AjdU.\ 

evk 4 ia« io 

3. What are the diameters of the largest and smallest particles you would like 
to examine electrophoretlcally? 


4. What statistical parameters should be provided by the AAEF to adequately 
describe the mobility distribution of your cell populations? 




&»v*4 


5. What are the highest and lowest absolute mobility values you would wish to 
measure? 




I AXC / Vf OH\ 


6. What should the absolute accuracy of each mobility determination be? 


7. What is the minimum mobility difference the AAEF should be able to resolve? 


8. How rapidly, and at what intervals, should the electrophoretic characteriza- 
tion described in question 2 be carried out? Is speed of measurement 
important to you? 

fijU, ^ '"X 

9. Over what temperature range should the AAEF be capable of operating? 

a?- 
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10. Over what range of pH and Ionic strength would you like to operate? 


11. Are there any unusual limitations on the types of materials to which your 
samples can be exposed during electrophoresis? 






12. Would you rather have an apparatus that produced rapid <Ll par mitiute) but 
approximate (± 5Z) mobility spectra or one that was slower (IS miuuties per 
determination) but more accurate (± 0.1%)? 








13. Do you have any other requirements that should be considered in providing 
specifications for the AAEF? Do you think the development of such an 
instrument is worthwhile? Do you have any additional comments? 

Vo<-kik^e evk Ak*. ikorclko AtfVkkJi^ vxk 

va'''^vw* uAovxVaMPMU Al p€**k^.^k«kXlL (i>t OkA/><, ^fk* ^ )| tlk*. 

vwWjT tUcU. ptk;.-tVkc tUl, c44,wy>, 

V<^'''Ck-k<k^k«.i<kO^^<» ^ akAkA <k ..f a-A.. ... t — 

Au^«c .KkAx^ 4 a. *-*'***» wvtvkeA Aju^yM>«-> 5 f«JL «>‘Y Owvk-yA*. ^ ^0 /.< It 

pAw*.«is«k k'S cV*. k uk&iA M>k4ik * ^- i - if vi't^ P^P* 4v yj"^ AkA. 

r«viik*.«» IAlcVaa. ^ ivcr*CW> kAAkia"*^^ «• Ck/VkA. A«/««AAiu^ rkJl.'XvbCiU Aul 

*^^w«va,kA, 4 aJ 6 V»c <.>% «. ^pA»e^ a^am-OA^ hO^a 

(^c.A»^*.«-rkAA V<rtJ .vA >>Cwsdk |vMA cvk« kWkAwvJwah, \ 

ArWi«U ,4 .v,Y -V -yk*^ v».k^|v-<AA«k«, ^ (U» fcJUwi^ «»k«^aJLiiA<* au*. <Uky*>.aAAw «m» 

VWA..kA-*^ ^ CWCs*<. •kVWkiij J bk^JT ,-k4^»A JjkJbU.-A^ 'v» <j\ — i-irvytLiau. - 

i)<JCtviNbAv«jrUr^ ^ o. cUJ^ 

i Jb^c^j^ \S bwu¥% o-wib i\a Vt-Ju vt «>-Wv0f S ^ 

AaMi^^HPA "Ic^W wVbh^ ^ 
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ir 't-vyt iUaJf |Ca» I<ve«a^ 

wv«k^ W- Ot t VM. ^ 



VANDERBILT UNIVERSITY 



NASHVILLE, TENNESSEE 


J72)2 


Tiii»noni (61)) )22>7)11 


•/ Mtditim » Dina S22-SS04 


February 24, 1976 


Dr. D.E. Brooks 
Departnent of Neurology 
University of Oregan Health 
Sciences Center 
Portland, Oregan 97201 

Dear Dr. Brooks: 

As your form was sent to Amsterdam I did not 
receive it before February 23. 

I would be interested if you could keep me 
Informed about the progress of this project. 



Chris J. van Boxtel, M.D. 


CJvB:pc 

Enclosure 
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL 
ELECTROPHORESIS FACILITY 


Please provide the values for the parameters given below which would best suit 
your applications. Any comments or additional requirements are welcomed; please 
Include them in response to question 13. 


1. What is the smallest total sample size (number of cells) that you would wish 
to examine? , 


2. How many individual cell mobility determinations would be required in any 
one suspending medium to electrophoretlcally characterize the most complex 
population with which you would like to deal? 

200 or more 


3. What are the diameters of the largest and smallest particles you would like 
to examine electrophoretlcally? 

0.5 - 100 u diameter 

4. What statistical parameters should be provided by the AAEF to adequately 
describe the mobility distribution of your cell populations? 

medium, mean, standard deviation, standard error 


5. What are the highest and lowest absolute mobility values you would wish to 
measure? 

0.5-20 y/S/V/cm 

6. What should the absolute accuracy of each mobility determination be? 

-± 23 ; 

7. What is the minimum mobility difference the AAEF should be able to resolve? 

0.01 li/S/V/cm 

8. How rapidly, and at what intervals, should the electrophoretic characteriza- 
tion described in question 2 be carried out? Is speed of measurement 
Important to you? 

_Jifl 

9. Over what temperature range should the AAEF be capable of operating? 

Most systems appeared not t o be temperature dependent 
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10. Over what range of pH and ionic strength would you like to operate? 

Physiologic 


11. Are there any unusual liaitatlons on the types of materials to which your 
samples can be exposed during electrophoresis? 


12. Would you rather have an apparatus that produced rapid (1 per minute) but 
approximate (± 5Z) mobility spectra or one that was slower (15 sdnutes per 
determination) but more accurate (l O.IZ)?- 

slow and more accurate 


13. Do you have any other requirements that should be considered In providing 
specifications for the AAEF? Do you think the development of such an 
Instrument Is worthwhile? Do you have any additional comments? 


Provisions for connecting the AAEF to an automatic all-separation device 
could be useful. 


Ifee^tha^tbereare^nji^agglica^lonsJ^orjhis^lMtrOTg^^ 


Chris J. van Boxtel, M.D. 
Visiting Scientist 
Dept. Pharmacology 
Vanderbilt University 
School of Medicine 
Hashvllle, Tennessee 37232 
U.S.A. 


Name and address 


OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL 
ELECTROPHORESIS FACILITY 


Please provide the values for the parameters given below which would best suit 
your applications. Any comments or additional requirements are welcomed; please 
Include them In response to question 13. 


1. What Is the smallest total sample size (number of cells) that you would wish 

to examine? L.ome hundred ceils, This woula allow serial determinati - ns 

in iiTimnoueficient babies. ' 

2. How many Individual cell mobility determinations would be required In any 
one suspending medium to electrophoretlcally cl^racterlze the most complex 
population with which you would like to deal? ■^’or the mixed population of the 

spleen at least two hundred cells, aepending of the accuiacy of the 

apparatus ' 

3. What are the diameters of the largest and siaallest particles you would like 
to examine electrophoretlcally? 

4- 25 pn 


4. What statistical parameters should be provided by the AAEF to adequately 
describe the mobility distribution of your cell populations? 

>.,tuG.ent*s t-test, Wilcoxons test for paired aistrioutions. A test for 
t'le stanaard aeviatlon of the mean. 


5. What are the highest and lowest absolute mobility values you would wish to 
measure? sasna icion ae alum. In saline aoout 1,5-0, 3 

Uii/sec/V/cm 

6. What should the absolute accuracy of each moblllcy determination be? 

1 -p/O 

7. What Is the minimum mobility difference the AAEF should be able to resolve? 

1 

l-P/-' 

8. How rapidly, and at what intervals, should the electrophoretic characteriza- 
tion described in question 2 be carried out? Is speed of measuronent 
important to you? lundrcu aetcriainations in aax. 10 rain. Interval of 

r.r.x, 2 i.l.n f.;r ch.\n Ln‘> of cell suspensions, The inter' all of chc.^L'p 

s r, s ■- * t.j* ■* ii ^ as iii' . 

9. Over what temperature range should the AAEF be capable of operating? 


ORIGINAL PAGE Q 
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10* Over whet range of pH end Ionic strength would you like to operate? 

j -I II 10 

11. Are there any unusual limitations on the types of materials to which your 
samples can be exposed during electrophoresis? 


12. Would you rather have an apparatus that produced r^ld (1 per minute) but 
approximate (i 5Z) mobility spectra or one that was slower (15 minutes pw 
determination) but a»re accurate (± O.IZ)? ir dat-ri lnatioiic ucans t iv? 

.A- '. Liij, r ''V-cv'd cells I would rather prefer the slower and 


C..cc'ur?lc T.yi e,xl' it rndOnS SCbrirryOT ono CBll I 

13. Do you have any other requirements that should be considered In prov: 
specifications for the AAEF? Do you think the development of such an 
Instrument Is worthwhile? Do you have any additional coomvmts? 


'ovldlng 


^fer 

er. 


’TM scoriii^; wit i the '^ciss Cytochcrometer has several dis- 
advantages: 

: eeu rev a 'real lUmbcr of cells. Time coneumihg.Low reproduc- 
c bill ty.Dif Pi cult to obtain stable conditions for scorri .g. 

the latter is oueing taken kare of by the zero gravity 
I also think the for;.-icr disadvantages must be dealt with iif the 
tccinichc- shod u be any useful. 

.s for the uetcrminatic s of lymphoid cells I think an 
; ccui-acy of at least V/a must be obtained if the AAEF should be 
abl i bo proviuc new informatio. s. 


Yours sincerely 

\ 

I N \ ' J 

Joheh N.Viig 
5016 liaukeland Hospital 
Pv>. i.orry for my lAt- answering. Norway 


Name and addreas 


Qf ?00^ ^ 
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UMIVmSITi Dl PARIS 


S7, RUS CHALiaNY. PARIS XII* 
TCU S4S. SI-SS 


rACULTi 08 MtDECINE SAINT-ANTOINE 


SERVICE DE BIOPHYSIQUE 


PR. O. Milhaud 
Pr. AOR. B. MEN8CH 


Paris » 12th December 1975 


Dr. D.E. BROOKS 
Department of Neurology 
University of Oregon Health 
Sciences Center 

PORTLAND OREGON 97201 


Dear Dr. Brooks, 


Many thanks for including my name in the electrophoresis 
user community. lamver^interestedit^hedevelogmen^^j^^jjl^^^J^ 

You will find here enclosed the comuents you requested. 

Sincerely yours, 


. A/ / — y 


Dr. M. WIOLAND 
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OPERATING SPECIFICATIONS FOR AN AUTOMATED ANALYTICAL 
ELECTROPHORESIS FACILITY 


Please provide the values for the parameters given below which would best suit 
your applications. Any comments or additional requirements are welcomed; please 
include them in response to question 13. 


1. What is the smallest total sample size (number of cells) that you would wish 
to examine? 

iifo (Mii 

2. How many individual cell mobility determinations would be required in any 
one suspending medium to electrophoretlcally characterize the most complex 
population with which you would like to deal? 

3. What are the diameters of the largest and smallest particles you would like 
to examine electrophoretlcally? 

A- je 2 

4. What statistical parameters should be provided by the AAEF to adequately 
describe the mobility distribution of your cell populations? 

'“K l. CgVwi^lAt. >Lle4o AiiiaMA . « . 4 ^ 

5. What are the highest and lowest absolute mobility values you would wish to 
measure? 

/kt tilt^ 

6. What should the absolute accuracy of each mobility determination be? 

0»^'S 

7. What Is the minimum mobility difference the AAEF should be able to resolve? 

to urn, /jtc 1^1 (Ma. 

8. How rapidly, and at what Intervals, should the electrophoretic characteriza- 
tion described in question 2 be carried out? Is speed of measurement 
important to you? 



9. Over what temperature range should the AAEF be capable of operating? 

Ao*C 
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10. Over whet range of pH and Ionic strength would you like to opercte? 

0.005 < X <«. 


11. Are there any unusual limitations on the types of materials to r 
samples can be exposed during electrophoresis? 


your 




] 


] 


12. Would you rather have an apparatus that produced rapid (1 per minute) but 
approximate (± 5%) mobility spectra or one that was slower (15 minutes per 
determination) but more accurate (± O.IZ)? 




\3. Do you have any other requirements that should be considered in providing 
specifications for the AAEF? Do you think the development of such an 
Instrument is worthwhile? Do you have any additional comments? 
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